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GENERAL INTRODUCTION 
If the number of selected lines recombined to form the improved population is small, 
genetic drift may be of appreciable magnitude. Genetic drift is cumulative over cycles and is 
expected to result in inbreeding depression if there is directional dominance for a trait 
(Falconer, 1960). Effective selection will increase the ftequency of favorable alleles and 
increase the population mean. The effects of genetic drift and selection may be to change the 
population mean in opposing directions. If the number of families evaluated is fixed, an 
increase in the number of families selected to form the new population will increase the 
effective population size but may simultaneously decrease the effectiveness of selection by 
decreasing selection intensity. The objectives of this study were: 
1) to evaluate changes in genetic variance in two long-term selection experiments; 
and 
2) to separate the effects of selection from the effects of genetic drift for three 
different recurrent selection methods in com fZea mavs L.). 
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LITERATURE REVIEW 
Ihtrapopulaiion Reoirrait Sdectim 
Recurrent selection is a cyclical selection process of evaluation and recombination of 
selected genotypes. If selection is effective, the population mean is expected to increase over 
cycles of selection. This increase in the population mean is due to an increase in the 
frequency of favorable alleles which affect the trait(s) of interest Recurrent selection can be 
conducted either within one (intra) population or between two (inter) populations. 
Ihtrapopulation recurrent selection refers to using either individual genotypes, selfed 
families, half-sib families, or fuU sib families as the unit of selection. Ihterpopulation 
recurrent selection refers to using the progenies of crosses between two populations as the 
unit of selection. 
Jenkins (1940) found that early generation testing was effective in distinguishing 
among Sis of com fZea mays L.) by using the topcross method. He recommended selection 
efforts be concentrated in choosing among Sis, rather than within Sis. He also proposed 
recurrent selection for general combining ability. 
Lonnquist andRumbaugh (1958) evaluated a set of Sis selected using a single-cross 
tester and also a set of Sis developed using the parental population as tester. The lines of 
com selected for general combining ability were superior, on the average, to the lines 
selected for specific combining ability when both sets of lines were evaluated using the 
specific single-cross tester. 
Center and Alexander (1962) discussed SI per se testing versus SO plant x single-
cross tester selection methods for evaluating the genotypes of SO plants. They stated that, 
"Test crossing for germplasm evaluations has several undesirable features associated with 
the introduction of genes from the tester parent Theoretically, the tester parent contributes a 
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common 50% of the genes to test crosses so that only 50% of testcross genes represent the 
SO genotypes being evaluated. In addition to this dilution effect, genes from the tester may 
be dominant to, qjistatic to, complementary to, or otherwise interact with genes from the 
genotypes to be evaluated. If genetic interactions occur, differences in phenotypic 
performances of the testcrosses wiU not be representative of the differences in the SO 
genotypes." When they evaluated SI per se vs. test cross performance in com, they found 
that the average range of SI means was 121% of that of testcrosses. The testcross means 
combined over locations were not significantly different for the fi.ve traits measured while SI 
per se means combined over locations were significantly different SI per se performance 
was more consistent than testcross performance over enviroimients. 
Center and Alexander (1966) reported that after two cycles of recurrent selection in 
com, SI per se testing improved the population 31% while testcross progeny evaluation 
improved the population 18%. 
Patemiani (1967) conducted selection among and within half-sib families of com 
with the population as tester. The genetic coefficient of variation decreased from 15.3% in 
the CO to 7.1% in the C3. Selection was effective in improving the mean for yield over 
cycles. 
Burton et al. (1971) compared four cycles of SI and half-sib recurrent selection in 
com using a Krug synthetic (BSK). They reported that while both methods were effective in 
improving the base population, SI selection was more effective relative to half-sib selection 
in com on the basis of every comparison. A possible explanation for the more rapid 
progress with the SI selection method was that selfing exposed deleterious recessive genes 
and that these genes were masked by the tester in the half-sib selection method. 
Carangal et al (1971) compared SI per se recurrent selection and half-sib recurrent 
selection using a double-cross com hybrid as tester. After two cycles of each selection 
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method, SI per se significantly improved the population per se, while the half-sib selection 
did not result in a significant improvement 
Homer et aL (1973) compared S2 per se recurrent selection, half-sib recurrent 
selection with an inbred tester, and half-sib recurrent selection with a broad based tester after 
five cycles. They found that the S2 per se selection method was less effective than the 
inbred-tester selection method when the improved com populations were evaluated as 
random mated populations after adjustment for genetic drift. When the three selection 
methods were evaluated as a bulk of Sis, there was no difference between methods. They 
suggested that the increased inbreeding in the S2 per se method accounted for the relative 
ineffectiveness of this method when the advanced cycles were evaluated as random mated 
populations. 
Russell et aL (1973) evaluated progress from five cycles of recurrent selection for 
specific combining ability where an inbred line (B14) had been used as the tester for two 
com populations. The gain in yield over cycles of selection when evaluated in both 
populations using the specific inbred line (B14) and also evaluated using an unrelated 
genetically broad-based population as tester was parallel These results showed a lack of 
gain for specific combining ability which would be attributed to overdomioance or epistatic 
gene combinations with the inbred line B14. 
Homer et al. (1976) evaluated seven cycles of progress using a single-cross com 
hybrid as the tester for intrapopulation half-sib recurrent selection. They reported from the 
evaluation of progress over cycles of selection by using the single-cross tester and by using a 
genetically broad-based population as tester was essentially the same for grain yield. 
Selection was primarily for general combining ability, and breeders should be able to change 
testers without loss of progress. 
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Walejko and Russell (1977) evaluated the use of a narrow-based tester to improve 
two com populations for grain yield. They reported that progress for yield was primarily 
due to improved general combining ability and that an inbred line could be an effective tester 
for increasing general combining ability. 
Goulas andLonnquist (1977) evaluated SI per se and half-sib recurrent selection 
with the parental population as tester and formed both progenies on different ears on the 
same com plants. This experiment permitted comparisons between methods using common 
parents. Plants selected on the basis of their performance as half-sib families had greater 
than average inbreeding depression and above average heterotic response. Plants selected on 
the bases of SI per se performance had below average inbreeding depression and below 
average heterotic response. 
Wright (1980) reported the results of a computer simulation study which compared 
half-sib selection using an inbred Une as tester to half-sib selection using the parental 
population as tester and also SI per se testing. He used a wide variety of genetic models 
including additive gene action only, bi-directional dominance, overdominance, and various 
types of epistatic gene action. The inbred line used as tester was the lowest yielding 
homozygote possible. SI per se selection was superior to the other methods but this 
superiority was small using the gene action model of both duplicate and complementary 
epistasis at different loci. For all other genetic models evaluated, S1 per se was clearly the 
superior method of selection. 
Moll and Smith (1981) used an adapted x exotic com population to compare full-sib 
versus SI per se recurrent selection for five cycles of selection. Twenty selected families out 
of the one-hundred sixty plant families evaluated were recombined in each cycle. SI per se 
testing and selection was more successful for increasing yield than the fuH-sib method, but 
the difference was not significant 
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Ihterpopulation Recurrait Sdecdon 
Comstock et aL (1949) proposed the reciprocal recurrent selection (RRS). As a half-
sib family interpopulation improvement scheme which was designed to maximize genetic 
gain. This method was based on the suggestion that some loci may exhibit partial to 
complete dominant gene action while other loci exhibit overdominance gene action. The 
proposal was to improve two populations in a complementary manner ftom which new 
hybrids could be selected. They argued that this method would be as effective as selection 
for general combining ability, if gene action was in the partially dominant range, and as 
effective as selection for specific combining ability, if overdominant gene action was present 
If both partially dominant and overdominant gene action were present at different loci 
affecting the trait, they argued that RRS should be the most effective method. 
Patemiani and Vencovsky (1978) suggested some possible limitations and 
disadvantages of RRS and proposed a modification of the original method. They believed 
that RRS required excessive amoimts of labor in maTdng up families for testing, was 
inadequate in sampling of the tester population, required too many generations per cycle, had 
inadequate effective population size, and does not permit sufficient recombination between 
selected progenies. The modification they proposed would result in improved sampling of 
the tester population and increased effective population size but this increased effective 
population size would be at the e5q)ense of parental control Although the effect of genetic 
drift would be reduced, gain fix)m selection would be expected to be reduced by one-half. 
Compton et al (1964) predicted the gain 6om selection using the intrapopulation 
half-sib selection and RRS for two populations and the interpopulation cross. 
Intrapopulation selection was predicted to be the more effective method for the improvement 
of the populations evaluated per se while RRS was predicted to be the more effective method 
of improving the population cross. He emphasized that large dominance gene action effects 
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may make RRS ineffective in changing the population cross performance over cycles, even 
in the situation where overdominance did not occur. 
Comstock and Robinson (1956) evaluated genetic correlations in poultry CGallus 
domesticus) between intrapopulation and interpopulation effects of genes. For some strains 
of poultry, the genetic correlation was large (0.87), and for other strains the genetic 
correlation was low (0.24). These estimates were obtained by evaluating pure and cross­
bred progenies which had the same sire. If the genetic correlation was high, intrapopulation 
improvement was e3q)ected to be effective in increasing the cross bred performance. 
Selection based on intrapopulation performance would be expected to improve cross bred 
performance in some cases but not in all instances. 
Cress (1967) reported the results of a computer simulation study in which he 
compared several modifications of RRS. He found RRS increased the heterosis between the 
populations over cycles. RRS was designed to improve the population cross performance 
and improvement in the populations per se would be a correlated response. With a 
population of finite size, the use of the latest cycle of the reciprocal population as tester was 
superior to using the CO of the reciprocal population as tester. Crossing an SI to the 
reciprocal population was superior to crossing an SO plant to the tester. 
Based on theoretical considerations. Cress (1966) suggested that the progress made 
using RRS would be greater than that of intrapopulation half-sib selection when the sum of 
gene Aequencies of the two populations is less than 1.0 for the dominant allele. When the 
sum of the gene firequencies of the two populations was greater than 1.0, intrapopulation 
half-sib selection would give faster genetic advance at all levels of dominance. The 
performance of RRS compared to the intrapopulation method was dependant on the relative 
magnitude of additive genetic variance in the population cross versus that of the population 
perse. 
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Moll and Robinson (1966) evaluated response to selection using intrapopulation full-
sib lecunent selection and RRS in two populations of com. They reported that the realized 
response to selection was similar for the purebred and crossbred methods after four cycles of 
selection. 
Hallauer (1970) evaluated RRS after four cycles using the BSSS(R) and BSCB1(R) 
com populations. He reported that midparent heterosis increased from 3% in the CO x CO 
population to 8% in the C4 x C4 population cross. Penny and Eberhart (1971) evaluated 
five cycles of RRS using the BSSS(R)CN and BSCB1(R)CN populations. They found that 
selection significantly increased the yields of BSSS(R)CN and the population cross but 
resulted in decreased yield in the BSCB 1(R)CN population. 
Moll and Stuber (1971) compared intrapopulation fuU-sib selection and RRS after six 
cycles of selection in com. The full-sib family selection resulted in greater population per se 
improvement, while the RRS resulted in greater population cross improvement The variety 
cross improvement due to the RRS method was not significantly different from that of the 
improvement using intrapopulation full-sib selection. The results suggested that RRS had 
changed the two populations in a complementary manner to increase overdominance and 
epistatic gene action which was manifested in the increased population cross heterosis. Full-
sib selection seemed to have selected for a different type of gene action, and this was 
manifested in the slight decrease in population cross heterosis. 
Russell and Eberhart (1975) evaluated the com population crosses BSCB1(R)C5 x 
BSSS(R)C5, BSCB1(R)C5 x BSSS(HT)C6, and BSSS(R)C5 x BSSS(HT)C6. The 
BSCB1(R) and BSSS(R) populations were used in an RRS program with each other. 
BSSS(HT) was improved using a double-cross hybrid as the tester in an intrapopulation 
half-sib recurrent selection program The grain yield of the three population crosses was 
essentially equal Improvement in the population cross was therefore equivalent regardless 
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of the tester used to improve the population- The theoretical advantage of RRS for 
improving the populations in a complementary manner such that overdominant and epistatic 
gene action were utilized was not realized after five cycles of selection. If additive gene 
action was of primary importance, an inbred line as tester should be expected to increase the 
usable genetic variance among progenies as opposed to the use of a population as tester. The 
results of Russell and Eberhart (1975) suggested that use of an inbred line as tester may be 
the preferred method over RRS. 
Hoegemeyer and Hallauer (1976) evaluated reciprocal fiiU-sib recurrent selection in 
com after four cycles. They found that this method did successfully capitalize on selection 
for specific combining effects. Although lines were initially evaluated based on hybrid 
perframance with only one other line, the selected lines were subsequently found to have 
high general combining ability with other elite lines. They concluded that specific combining 
effects were small relative to general combining effects for most selected lines. 
Moll et al. (1978) proposed a genetic model in which the increased heterosis in the 
population cross of two populations of com could be explained by dominant gene action 
without overdominant or epistatic gene action. They evaluated the populations improved by 
RRS as populations per se and also the population cross after eight cycles of selection. The 
populations evaluated per se increased in yield over cycles, the population cross increased, 
and heterosis in ihe population cross increased over cycles. These results could be explained 
using a genetic model which included dominance but neither overdominance or epistasis. 
Each population had also been improved using inttapopulation full-sib recurrent selection. 
Full-sib selection resulted in a slight decrease in population cross heterosis. It would seem 
that full-sib selection and RRS had opposite effects on heterosis. 
Patemiani and Vencovsky (1978) used a modification of RRS in which effective 
population size is greatly increased, but at the expense of reduced parental controL They 
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rqx)rted thai estimates of genetic variance among com progenies did not decrease over three 
cycles of selection. 
Darrah et al (1978) reported that ear-to-row-recurrent selection was effective in two 
populations of com for grain yield but not in the variety cross of these two populations. 
RRS was effective in one population, but not in the other population while the variety cross 
was significantly improved after six cycles of improvement 
Smith (1979a) reanalyzed data from a study conducted by Eberhart et al (1973), 
using a different genetic model The com populations evaluated were BSSS(R), 
BSCB1(R), and BSSS(HT) over five cycles of selection. The model he used to reanalyze 
the data was a modification of the Hammond-Gardner model and the modification was to 
estimate a partial regression coefficient to account for the effects of inbreeding depression 
due to finite population size. Smith found that after correction for inbreeding dqjression, the 
direct and indirect effects of selection were similar in the RRS program. The indirect effect 
of selection measured as population per se improvement was small in the original analysis 
used by Eberhart et al (1973). Reanalyzing the same data with a correction for inbreeding 
depression resulted in larger gains per cycle when the BSSS(R) and BSCB ICR) populations 
were evaluated as populations per se. A comparison of the BSSS(R) population to the 
BSSS(HT) population when both methods were evaluated as populations per se, showed 
that BSSS(R) had a greater change in gene frequency due to selection. The BSSS(R) 
population also showed a larger inbreeding depression compared to the BSSS(HT) 
- , illation even though the effective population size was the same for both methods. The 
effect of inbreeding in the BSSS(R) population was more than twice that of the BSSS(HT) 
population. 
Grady (1980) evaluated Sis from the CO and also the C8 of the BSSS(R)CN and 
BSCB1(R)CN com populations. Leaf feeding resistance to the first-generation European 
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com borer [Ostrinia nubilalis (Hùbner)] increased for both populations over cycles of 
selection. Days to silk decreased over cycles of selection in the BSSSCR) and increased in 
the BSCB1(R). Yield of Sis increased from the CO to the C8 in BSSS(R) and decreased in 
the BSCB1(R). 
Martin and Hallauer (1980) reported the results of a computer simulation which used 
no dominance, partial dominance, and complete dominance at a number of initial gene 
frequencies. The correlation coefficient between observed responses to seven cycles of KRS 
using com and the simulated response was largest (0.76) for the model of complete 
dominance and initial gene frequencies of 0.5 for both populations. 
Smith (1983) evaluated the BSSS(HT) ccwn population improved by use of half-sib 
family selection with a double-cross hybrid tester for seven cycles, and the BSSS(R) and 
BSCB 1(R) populations improved by RRS for eight cycles. He reported that the populations 
evaluated per se and selfed were not significantly improved for the first four cycles of 
selection. In the fourth to seventh cycles there was significant improvement in the BSSS(R) 
and BSSS(HT) populations but not in the BSCB 1(R) population. He also reported that the 
indirect effects of selection were greater than the direct effects for cycles four to eight of the 
populations improved using REIS. Changing from hand harvesting to machine harvesting 
and from crossing SO plants to crossing 51 plants to the tester were attributed to causing the 
significant differences between rates of gain for the first four cycles versus rate of gain for 
the last four cycles. He also found that inbreeding depression due to small population size 
was significant for all methods. For the BSSS(HT) population, the inbreeding depression 
over cycles was significantly smaller than that of the RRS program. 
Bell et aL (1955) compared full-sib intrapopulation improvement with RRS using 
Drosophilia melanogaster. They reported that the intrapopulation improvement was greater 
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than the RRS improvement for the first 16 cycles. After 39 cycles, however, KRS produced 
a greater response relative to the intrapopulation method. 
Rasmuson (1956) compared intrapopulation with RRS in Drosophila melanogaster 
over 20 cycles of selection. RRS was evaluated as population cross progeny, while the 
intrapc^ulation progenies were evaluated as population per se. RRS showed a 6% 
advantage evaluated as population cross after 20 cycles, relative to the intrapopulation 
improvement after 20 cycles. She attributed this very small advantage of RRS to a scarcity 
of loci with overdominance and lack of epistatic gene interactions. 
Bell et al. (1957) selected for increased fecundity in a closed population of 
Drosophila melanogaster for 40 cycles of selection. The selection differential was one 
standard deviation. After the seventh generation of selection, there was no further response. 
A second study revealed that lethal, sterile, and subvital factors were not responsible for the 
lack of selection response after the seventh cycle. The lack of additive genetic variance in the 
population after the seventh cycle was believed responsible for the lack of response to 
selection. The authors reported that the phenotypic variation remained unchanged 
throughout the 40 generations of selection and that considerable dominance or epistatic 
genetic variance existed after the seventh generation. 
Kojima and Kelleher (1963) reported that the realized heritability of Mather 
Drosophila pseudoobscura population was 0.001 and that of Mono was 0.056. RRS 
successfully improved the population cross whereas intrapopulation full-sib selection was 
ineffective. They state, "While selection may be ineffective within each population, 
performance can be improved further by applying a selection procedure which enables one to 
utilize genetic variations and divergences between separate populations. Such variations and 
divergences must be of the types that cannot be used by intrapopulation selection and that are 
not fixed in each population." Using brother-sister matings, they developed a set of inbred 
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lines from the two base populations. The mean performance of hybrids between the two 
base populations was exceeded by the mean of the eleventh cycle of the RRS population 
cross by 13 standard deviation imits. They further stated that RRS has improved egg 
production to the level of the top 7% of single-crosses made between random inbred lines 
from the two base populations. 
Saadeh et aL (1968) reported that improvement in rate of egg production was 
equivalent in two strains of chickens CGallus domesticus) improved by intrapopulation 
improvement and also equivalent to gain from selection in the population cross. 
Improvement in the population cross using RRS was similar to the improvement using 
intrapopulation methods and then crossing the resultant improved populations. 
Bell and Moore (1972) compared intrapopulation half-sib selection with RRS in 
Tribolium castaneum. Two replications of each method were conducted over 17 generations 
for one replication and 24 generations for the second. Selection was for pupal weight which 
was found in the course of the experiment to be a trait which did not show dominance gene 
action. Twice the number of intrapopulation families were evaluated relative to RRS families 
to compare methods using equivalent resources. Intrapopulation response was greater than 
RRS response, and this result could be explained by the lack of heterotic response for pupal 
weight 
Genetic Variance 
Genetic variance is essential to realize continued progress from recurrent selection. 
Maintaining genetic variance is one of the goals of recurrent selection. Estimating genetic 
variance in a population is difficult because phenotypes are measured. The environmental 
and genetic values which comprise the phenotypic value must be separated to estimate the 
genetic component Proper experimental design permits the separation of these two effects 
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because the randomization process results in models in which environmental effects are 
uncorrelated with genetic effects. There are problems associated with estimating genetic 
variances, and, as a result of these problems, assumptions are necessary to permit the 
estimation of genetic variances. 
Cockerham (1963) emphasized that estimates of genetic variances of a population are 
the result of sampling experimental material from the populatiorL The envirormients in 
which the experimental materials are tested are also a sample of a reference population of 
envirormients. 
Dickerson (1963) stated that because gene effects may depend on the environments in 
which they are measured, genetic variances also depend on the environments in which the 
gene effects are measured. The magnitude of the additive genetic variance a) depends on 
the level to which genetic x environment interactions increase or decrease this population 
parameter. The response to selection is thus also dependent on the level of genetic x 
environment interaction. 
Gardner (1963) reported that all estimates of based on experiments conducted in 
one envirormient are biased upward- This bias occurs because cannot be separated from 
the additive x environment interaction (o^ae) component He summarized the amount of 
this bias over numerous experiments to be about 50%. 
Dudley and MoU (1969) discussed the assumptions and limitations involved in the 
estimation of genetic variances. They state that estimates apply only to the population of 
envirormients sampled in the study. They also state that as the range of environmental 
conditions increases, the genetic variance tends to decrease because a larger portion of 
genetic by environmental interaction is removed from the estimate of the genetic variance. 
Additionally, the population is assumed to be in random mating equilibrium, diploid 
inheritance, no environmental correlations among progenies, linkage equilibrium, and that 
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the entries can be considered random members of some noninbred population. If inbred 
progenies are used, the additional assumptions of either p = 0.5 or that no dominance gene 
action exists are required. 
SUva and Lcnnquist (1968) stated, "Eberhart has shown theoretically, that tiie 
magnitude of changes in genetic variances will vary according to gene fiequency and degree 
of dominance in the population. Changes in genetic variance as a result of selection would 
be small for values of q at or near 0.5. Greater changes would occur for q values near 
fixation (0 or 1)." 
Gill (1965b) used computer simulation to compare predicted genetic advance of 30 
generations of selection to the realized response. He reported that random genetic drift 
changed the additive variance, and this change made the predicted response to selection, 
which is based on an infinite population size, inaccurate. He emphasized the need to 
reevaluate the population parameters after a few generations because of the effects that 
genetic drift would have on gene frequency. 
Gardner and Loimquist (1959) reported that the average level of dominance was in 
the partial to complete range in an F8 com population, but that the F2 generation of this same 
population had an average level of dominance in the overdominance range. They observed 
that dominance and dominance variance estimates would be biased upwards if linkages 
existed in the population evaluated. 
Hull (1945) proposed recurrent selection for specific combining ability with use of an 
inbred line as tester. He based his arguments on tîîe possible success of this method on the 
overdominance gene action model, and on the increased genetic variance among testcross 
entries versus the genetic variance among testcross entries where a genetically broad-based 
tester was used. 
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McGill and Lonnquist (1955) estimated the vaiiance among testcrosses in the original 
"Krug' open-pollinated com variety and in three different populations which had been 
improved by two cycles of recurrent selection. The improved populations were not 
significantly different in genetic variance among each other but were all significanfly smaller 
in genetic variance relative to the original Krug. They e^qplained this reduction in genetic 
variability by a combination of selection and genetic drift. The low level of inbreeding 
(about 10%) could not be sufficient to explain the large loss of genetic variance. 
Clayton et aL (1957) evaluated genetic variance before and after divergent selection in 
Drosophila melanogaster for bristle number. They reported that selection for increased 
bristle number had little effect on genetic variance after nine generations of half-sib 
intrapopulation selection. However, selection for decreased bristle number significantly 
reduced genetic variance relative to the base population. Three replications of both directions 
of selection were evaluated. Th  ^suggested that downward selection pres'sure may have 
resulted in the fixation of deleterious alleles, and, because alleles was fixed, genetic variance 
decreased. 
Kojima and Kelleher (1963) conducted an RRS experiment using Drosophilia 
pseudoobscura. They found that heritability, in the narrow sense, increased 0.05 over 11 
cycles of selection. But the estimates of genetic variance were unchanged over cycles of 
selection, based on the narrow sense heritability estimates. 
Homer et al. (1963) compared half-sib intrapopulation recurrent selection using an 
inbred line and also using a genetically broad-based parental population as tester in com. 
Evaluation of progress for grain yield firom selection using 11 unrelated inbred testers 
showed that four cycles of selection effectively increased average performance using the 
inbred line as tester but not when the genetically broad-based population was used as tester. 
The estimated genetic variance component with the inbred tester was large and significant for 
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each of the four cycles. The estimated genetic variance among entries using the genetically 
broad-based tester was not significantly different from zero by the third cycle of selection. 
Lonnquist et al. (1966) measured the additive genetic variance in the "Hays Golden' 
com population after six cycles of modified mass selection using a Design I (nested) mating 
scheme. Selection improved the mean yield without a reduction in the additive genetic 
variance. 
Moll and Robinson (1966) evaluated intrapopulation fiill-sib recurrent selection in 
two com populations and the inteipopulation cross of these populations improved using 
RRS. They reported that genetic variance for grain yield in the cross-bred population may 
have increased after the first cycle of selection. The full-sib intrapopulation selection did not 
seem to have changed the additive genetic variance over cycles of selection in either of the 
populations evaluated. 
Silva and Lonnquist (1968) compared the ratio after one cycle of full-sib 
selection and one cycle of half-sib selection to this ratio in the unselected com population, 
where o^m is the male component of variance and is the random plot-to-plot error 
variance. The selected and unselected populations, however, were not grown in the same 
environments. The ratio, which was used to evaluate variances estimated in different 
environments, suggested that both types of selection reduced additive genetic variance for 
grain yield relative to the unselected population. 
Dudley and Lambert (1969) estimated genetic variance in five com populations after 
65 generations of selection for high or low oil and for high and low protein. They reported 
that detectable genetic variation is still present in all five populations. 
Hallauer (1970) found that the magnitude of dominance genetic variance for grain 
yield decreased after selection in the BSSS(R)C4 Syn.- 3 and BSSS(R)C4 x BSCB1(R)C4 
Syn.-3 com population respective to the CO. The additive genetic variance for grain yield 
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decreased in the BSSS(R)C4 8301.-3 and BSSS(R)C4 x BSCB1(R)C4 Syn.-3 level but did 
not decrease significantly in the BSCB1(R)C4 Syn.-3 relative to the appropriate CO, CO x 
CO, or CO populations, respectively. The estimates of the average level of dominance were 
in the dominance range, suggesting that selection for hétérozygote superiority was not a 
factor in changing gene frequencies. The increase in heterosis and reduction in genetic 
variances in the population cross suggests that favorable dominant alleles were being selected 
for in each of the populations. 
Penny andEberhart (1971) evaluated five cycles of RRS using the BSSS(R)CN and 
BSCB1(R)CN com populations. They found that selection decreased estimates of genetic 
variance for grain yield to one-third of the genetic variance of the respective CO populations. 
Hands et al. (1972) evaluated the genetic variance in grain yield after nine cycles of 
modified mass selection in an irradiated and noninadiated com population relative to the 
Hays Golden base population. They reported that genetic variance was decreased 
significantly after nine cycles of mass selection. 
Matzinger et al. (1972) studied the effect of two cycles of selection on the additive 
genetic variance of several traits in tobacco fNicotiana tobacuml Alkaloid content was the 
selection criteria. They foimd no evidence of inbreeding depression for alkaloids and no 
decrease in the estimate of adc3itive genetic variance for alkaloid content or for any other trait 
evaluated 
Eberhart et al. (1973) evaluated seven cycles of intrapopulation half-sib recurrent 
selection in the BSSS(HT) com population and reported no evidence of a decrease of genetic 
variance. He based this conclusion on the fact that genetic gain was expected to be 
proportional to additive genetic variance, and there was no decrease in genetic gain in the last 
cycles relative to the gain in the first cycles. 
19 
Silva and Hallauer (1974) reported that the additive genetic variance (<y2^) of BSSS 
CO com population was 149.19 ± 0.29 using Design I and 153.23 ± 0.34, using Design IL 
These variances were for yield in grams/plant Obilana and Hallauer (1974) evaluated the 
additive genetic variance among 247 unselected S6 lines of com fiom the BSSS CO 
population. Estimates of = 147 ±16 where yield was measured in q ha*l for these S6 
lines was compared to a previous estimate of (ct^a) = 156 ± 29 when half-sib and fiill-sib 
progenies were evaluated. Bartual and Hallauer (1976) reported the genetic variance for 
grain yield in the BSSS CO com population. Genetic variance among these lines was 
^proximately 20^  ^because the lines were inbred by two different methods to almost 
complete homozygousity. The estimate of <^g = 566.4 ± 58.6 for lines developed by full-
sib inbreeding and the associated heritability on a progeny mean basis is 0.90. The estimate 
of lines inbred by continuous selfing was d^Q = 294.6 ±31.1 and the heritability on a 
progeny mean basis was estimated at 0.85. 
MoU et aL (1977) compared frequency distributions among hybrids developed by 
crossing S5 lines from one com population improved by RRS to S5 lines from the reciprocal 
population improved by RRS. When the CO x CO hybrids were compared to C6 x C6 
hybrids, the frequency distributions were normal Although the genetic variance among 
crosses was larger for the CO x CO (356 ± 118) than for the C6 x C6 (215 ± 105), this 
difference was not significant The authors reported that selection had little effect on the 
distribution other than to change the mean. One possible bias which could result from this 
evaluation is that possibly more S5 lines were lost due to the expected higher frequency of 
deleterious recessives in the CO relative to the loss of lines during the inbreeding process in 
the C6 populations. The authors did not state the number of inbred lines which failed to 
reproduce during successive generations of inbreeding. 
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Choo and Kannenberg (1979) compared the effectiveness of SI, modified ear-to-
row, and mass selection using computer simulation. They found that if a winter nursery was 
used, SI recurrent selection was most effective in increasing the genotypic mean, but there 
also was a decrease in the genetic variance. The increase in the genotypic mean was obtained 
at the expense of decreasing the genetic variance for all three methods. 
Martin and Hallauer (1980) evaluated seven cycles of RRS and found that genetic 
variances among testcross progeny did not decrease for either the BSSS(R) or BSCB1(R) 
com populations over cycles of selection. Changing from hand harvesting to machine 
harvesting at the start of the fifth cycle may have increased genetic variability because 
variation in stalk lodging and ear retention would affect machine harvestable yield. 
Inbreeding at the C7 was estimated to be 29%. This inbreeding was attributed to the small 
population size of 10 lines recombined per cycle. A corrçuter simulation run under various 
genetic models, resulted in either favorable or unfavorable alleles fixed in one-half of the 
forty loci under all starting conditions. 
Moll and Smith (1981) used an adapted x exotic com population to compare full-sib 
versus SI per se recurrent selection over five cycles. Twenty families, out of 160 families 
evaluated, were selected and recombined in each cycle. Genetic variance among families 
was greatly reduced over ctycles of selection in both of the inethods evaluated. Additive 
variance was estimated to be smaller after selection and dominance variance was reduced by 
one-third. 
Mulamba et aL (1983) compared the genetic variances estimates after 14 cycles of 
mass selection and after eight cycles of half-sib and SI per se selection with the genetic 
variance of the CO population of BSK com population. Th^r used the genetic variance 
among random Sis to make a comparison of selection methods. Selection did not decrease 
genetic variance using mass selection but did decrease genetic variance when the family 
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selection method was evaluated. This result agreed with theory in that smaller effective 
population sizes were used for half-sib and SI family selection relative to mass selection and 
the smaller population sizes should result in increased genetic drift and decreased genetic 
variance. 
Reeder (1985) evaluated progress from six cycles of reciprocal full-sib recurrent 
selection in the BS10 and BSll com populations. He reported that additive genetic variance 
tended to decrease for yield, stalk lodging, ear and plant height from the CO to the C6. 
Additive genetic variance increased for ears par plant and root lodging in one population over 
cycles of selection. 
Con-dated Resp(»ise 
Falconer (1960) states that genetic correlations are primarily caused by pleiotropy, 
but that linkage may cause transient correlation. Genetic correlations may be either positive 
or negative. One of the reasons for understanding and evaluating genetic correlations is to 
determine how the improvement of one trait, brought about by the process of selection, may 
change other traits which have not been part of the selection criterion. Genetic correlations 
are the correlations of breeding values of two différent traits. Phenotypic correlation is the 
level of linear association between the observed values of two traits and thus includes 
enviroimiental as well as genetic causes of correlation. Neither the magnitude nor the sign of 
genetic correlations can be determined by the phenotypic correlations because the 
environmental effects of the phenotypic correlations may be of opposite sign to the genetic 
effects of the phenotypic correlation. 
Mode and Robinson (1959) cited several examples of one gene affecting two 
different traits. If a single gene effects different traits, this affect is pleiotropism. 
Pleiotropism causes a genetic correlation among traits, even in the absence of gametic 
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disequilibrium- They stated, "the coefficients of correlation are in some sense a measure of 
the commoness of the genes governing the determination of two characteristics. That is, if 
two characteristics have no genes in common, we would expect them to be uncrarelated." 
Kojima and Kelleher (1963) stated, "when a population is selected with respect to a 
certain selection criterion, the changes take place not only on the statistical averages of the 
criterion, but also in those of many other traits. This is expected because the distributions of 
genes for various traits are often correlated by linkages, and some genes are known to 
exhibit pleiotropy. Changes in traits other than the selection criterion are called correlated 
response to selection...." 
Clayton et aL (1957) evaluated correlated response to selection for bristle number in 
Drosophila melanogaster. Th^r reported that if genetic correlation was small the effects of 
sampling due to small population size may result in correlated responses which are due to 
drift rather than to linkage or pleiotropy. They concluded that use of correlated response to 
measure genetic correlation may give erroneous results if effective population size was small. 
Martin and Russell (1984b) reported the results of three cycles of SI per se recurrent 
selection in BSl 1 or BS9 com populations using two different selection criteria. The same 
base population was used to select for mechanical stalk strength and, in a separate program, 
to select for Diplodia stalk rot resistance. The population improved by selecting for 
mechanical stalk strength was later flowering and taller than the CO, while the population 
improved by selecting for stalk rot resistance was earlier flowering and shorter in plant 
height. Selection using either criteria was effective in decreasing the percentage of field stalk 
lodged plants relative to the CO. Although stalk quality was improved using both criteria, the 
correlated response to selection was in opposite directions for flowering date and plant 
height. Because the number of lines recombined was small (12 to 14), these correlated 
responses could be chance fluctuations in gene ft-equency due to genetic drift Both selection 
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criteria resulted in a correlated response of decreased grain yield. The authors reported that 
"the frequencies of genes that control yield were differentially shifted by the two methods of 
selection." The authors recommend simultaneous selection for yield and stalk quality as the 
best method of avoiding the yield reduction which resulted 6om selection for increased stalk 
quality alone. 
GoiedcDrift 
The effect of genetic drift is to change gene frequencies from intermediate values 
toward extremes. Falconer (1960) emphasized that at a particular locus, the amount of 
additive variance relative to the amount of dominance variance depends on the level of 
dominance and on the gene frequency. He further states, "the general conclusion to be 
drawn from these graphs is that genes contribute much more variance when at intermediate 
frequencies than when at high or low frequencies: récessives at low frequency, in particular, 
contribute very little variance." 
Falconer (1960) explained genetic drift as a process that changes gene frequency, 
even in the absence of migration, mutation, or selection. Genetic drift is the result of random 
sampling of alleles and is important if the population size is smalL Genetic drift is "random 
in direction and predictable only in amount" He further states that, "The dispersive process 
has, broadly speaking, three important consequences. The first is differentiation between 
subpopulations— The second consequence is a reduction of genetic variation within a small 
population.... The third consequence of the dispersive process is an increase in the 
frequency of homozygotes at the expense of heterozygotes. This, coupled with the general 
tendency for deleterious alleles to be recessive, is the genetic basis of the loss of fertility and 
viability that almost always results from inbreeding." The rate of this inbreeding is 
dependent on the effective population size, where AF = l/2Ne. AF is the rate of inbreeding 
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and Ne is the effective population size. Falconer defines effective peculation size as, "the 
number of individuals that would give rise to ±e sampling variance or the rate of inbreeding 
appropriate to the conditions under consideration, if they bred in the manner of the idealized 
population." 
li (1976) described the variation in gene frequency due to small population size or 
genetic drift The loss of variability is l/2Ne per generation, where Ne stands for effective 
population size. This random fluctuation in gene frequency is of no adaptive value to the 
population. Chance fixation acts to fix unfavorable allelic forms as well as favorable allelic 
forms. Selection may be ineffective relative to drift if population size is very small. In the 
extreme case, all loci in a small population are fixed and no genetic variability remains. The 
effective population size is 
1+F 
where N is the number of individuals which form the new population and F is the coefficient 
of inbreeding. "When the frequency of an allele is near 0 or 1, the magnitude of chance 
fluctuation 6om one generation to the next is smaller than if the finequency of this gene was at 
intermediate values. However, if gene frequency is near 0 or 1, the probability of gene 
fixation is high." When a particular locus is fixed, the process is irreversible, except for 
mutation which is ignored for purposes of this discussion. The standard deviation of the 
change in gene frequency due to genetic drift is 
^I a^Aq = V pq/2Ne 
Crow (1948) commented that if effective population size is of the order of magnitude 
of the reciprocal of the selection coefficient, selection becomes ineffective and many genes 
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become homozygous in all individuals. Genes of various selective values may be fixed by 
chance. "In crosses between such very small populations, greater increases in vigor might 
be obtained under the dominance hypothesis than with larger populations, though the 
hybrids should not be appreciably above the level of a large randomly tnaring population." 
On theoretical considerations. Crow pointed, out that it would only require a very small 
percentage of loci affecting a trait which expressed overdominance gene action in 
hetero2ygotes at that locus to negate the decrease due to homozygous deleterious recessives 
at all loci in a particular genotype. 
Robertson (1963) rqwrted that if selection is very intense, the increased rate of gain 
in the initial generations may occur at the expense of a decrease in genetic variation available 
in future generations. The reason for this decreased genetic variance in future generations is 
that chance fixation of the less desirable allelic form may have occurred due to small effective 
population size. 
Baker and Cumow (1969) developed a theoretical model which demonstrated that 
selection was relatively ineffective in fixing a large proportion of favorable alleles when 
genetic sampling due to a very small population size was also acting on gene fiequency. 
They also calculated that selection limits due to fixation of alleles would not be reached in 30 
generations with a population size as large as 32. When the plant breeder is concerned with 
maintaining genetic variability over a reasonable number of generations, an effective 
population size of 16 was suggested as adequate fear this purpose. 
Gill (1965a) used computer simulation to compare various types of gene action at 
different heritabilities, selection intensities, and population sizes to evaluate the change in the 
population mean over 30 generations. He found that in the model using complete dominance 
gene action and significant selection intensity, a population size of between 16 and 32 was 
required to minimize the loss of favorable alleles due to genetic drift to an acceptable rate 
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when selection is long term. He also found that the inbreeding rate was increased with 
selection for a trait of high heritability in contrast with the inbreeding rate without selection at 
a fixed population size. 
Moll and Robinson (1967) compared intrapc^ulation full-sib family selection in two 
com populations and RRS using these same two populations. The results after three cycles 
suggested that tibe intrapopulation method was more successful when populations were 
evaluated per se and also when the population cross was evaluated, relative to the RRS 
method. Population sizes of 25 in the full-sib method and 20 in the RRS method reduced the 
genetic drift to a level which did not interfere with selection. 
Homer et aL (1969) compared half-sib selection using an unrelated inbred tester, 
half-sib selection using the parental population as tester, and S2 per se recurrent selection 
over three cycles using com. They reported that the parental population tester method 
emphasized selection for heterozygous loci to a greater extent than the other two methods, 
while the S2 per se method emphasized selection for homozygous locL When evaluating 
progress fiom selection using random mated populations, they found that effect of 
inbreeding resulted in a decreased population mean over cycles for all three methods. They 
adjusted for the effect of inbreeding due to small population size and found that the parental 
population tester method was the only method which resulted in an increased population 
mean over cycles when evaluation was based on random mated populations. The S2 per se 
method showed the greatest progress over cycles of selection when the method of evaluating 
progress was bulk of S Is. The parental population tester and S2 per se methods were 
effective in improving the population in different ways. 
Brown and AUard (1971) estimated gene fiequencies and linkage disequilibrium at 
nine loci in com which could be evaluated using electrophoresis before and after selection. 
The breeding method was RRS and one cycle was evaluated. The parental populations were 
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fomed by making a diallel of inbred lines and then a partial diallel of the resultant single-
crosses. Cases of complete linkage disequilibrium were detected in the base populations. 
This suggested that no recombination of loci, which had been linked in the inbred parents, 
were found in the base population for some locL In the case of very tightly linked pairs of 
loci, the small number of lines recombined (30) after selection resulted in the genetic 
crossover types being lost due to sampling. For other loci that were not tightly linked, the 
sampling process due to small population size generated large gametic disequilibrium 
between these linked loci relative to the disequilibrium in the base population. The autiiors 
reported that sampling effects due to finite population size tended to conserve linkage blocks 
and result in the loss of rare recombinants in the case of tightly linked locL The RRS method 
reduces the population size relative to intrapopulation improvement methods for a fixed 
number of genotypes evaluated. This is because two gene pools must be kept sq)arate in 
reciprocal recurrent selection. Favorable linkages identified during the testing phase in 
reciprocal recurrent selection may be lost due to sampling during the recombination phase 
resulting in decreased progress firom selection. 
Eisen et aL (1973) found that in mice (Mus musculus') the "correlated responses 
decreased as population size decreased, when comparisons ate made within levels of 
selection intensity." They also stated that nonadditive gene action and the fixation of 
undesirable alleles due to genetic drift would be expected to decrease the response to 
selection relative to a population of infinite size. 
Kahler (1983) evaluated allozyme frequencies for nine loci in the BSK(HT) and 
BSK(S) com populations over eight cycles selection. Allozyme frequencies were generally 
stable, despite the small effective population size (10 lines per cycle). 
Smith (1979b) reanalyzed the study conducted by Burton et al. (1971) in which half-
sib and SI per se recurrent selection were compared in the BSK com population over four 
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cycles of selection. He found that the change in gene fiequency for additive effects was 
significant for both selection methods, and that this term was significantly different between 
methods. SI per se selection was more effective than half-sib selection. Inbreeding 
depression was accumulating at a similar rate for both methods which would be expected 
because the effective population size was identical for both methods. Inbreeding depression 
estimates showed that the change in gene fiequency due to drift may be larger than the 
change due to selection because the number of selected lines recombined per cycle was 10. 
Inbreeding depression due to finite population size might be expected to contribute to the 
difference between realized gain and predicted gain from selection. To reduce the large 
inbreeding depression effect on the population mean. Smith (1979b) proposed increasing the 
effective population size. AlOiough this would result in decreased selection intensity, the 
decreased response to selection might largely be counter-balanced by the decreased 
inbreeding depression. 
Kqjima and Kelleher (1963) summarized the results of long term-selection studies by 
concluding that the response to selection tends to be linear for the first 10 to 15 cycles. 
Continued selection is e^qjected to result in an eventual plateau in the population such that 
there is no longer a response to selection. "In such populations, all loci are fixed with only 
one allele through the processes of selection and random fixation. Some exceptions are loci 
with marked overdominance on the expression of the selection criterion, and loci of such 
alleles, unfavorable in the direction of selection, are favored to remain in the population, 
because of tight linkages with fitness genes or in virtue of pleiotropy on fitness values." 
Gen^c Modds 
Genetic models for predicting response to selection have been developed for 
quantitatively inherited traits based on statistical distribution theory. Predicted gain fi'om 
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selection based on the normal distribution has an expectation of AG = h^S, where AG is the 
predicted gain, h  ^represents heritabilily, and S is the selection differentiaL 
Kojima and Kelleher (1963) used an average heritabilily value to measure population 
cross predicted gain. Let 2nd be the average estimates of the genetic variances 
among half-sib means in one cross (1) and its reciprocal cross (2), and and be the 
total phenotypic variances among half-sib means in cross (1) and cross (2), respectively. 
The contribution of genetic variance to the rate of change in the selected trait was obtained as 
Hf = +l/2( <^xcQ!<P-fÙ"" 
Moll and Robinson (1967) stated that "the expected response to full-sib family 
selection is 2k[(G2^i 1/0^11) where = cov FS and for RRS selection is 
k[((7^mi9/o^i9) + (<y^in2l/^p2l)3' ™ which k is the selection differential in standard units, 
is the variance component for males of the i-th variety when crossed to the j-th variety, 
and Gpij is the coiresponding phenotypic standard deviation." 
There are many ways to evaluate progress from recurrent selection over cycles of 
selection. Populations can be evaluated per se, selfed, crossed to an unrelated tester, crossed 
to a different population, and crossed to the unimproved population (CO). Genetic models 
have evolved to evaluate progress from recurrent selection and to compare different selection 
methods. 
Gardner and Eberhart (1966) developed a genetic model using a diallel cross, 
population crosses selfed, and population crosses random mated. Their model provided a 
genetic interpretation of the parameters of the model The use of this model in choosing 
parental populations for recurrent selection was discussed. Eberhart and Gardner (1966) 
also developed a genetic model which equated the means of diallel crosses, diallel crosses 
selfed, and backcross populations to the appropriate genetic expectation. Using this model 
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th  ^were able to accurately predict all possible diree-way and double cross com hybrids 
which would result fiom the inbred lines used in the dialleL 
Eberhart (1964) suggested that the reduction sums of squares method could be used 
to fit a series of regression models to determine which partial regression coefficients were 
significant He suggested the use of regression to compare methods of recurrent selection. 
Hammond and Gardner (1974) modified the Gardner-Eberhart variety diallel model 
so that it could be used to evaluate progress over cycles of selection for a single population. 
The various population cycles per se, selfed, crossed among different cycles, crossed and 
selfed, and crossed and random mated, were each equated to a genetic expectation. The 
genetic parameters of the model could then be estimated and then these estimates could be 
used to approximate the number of cycles necessary for fixation of favorable alleles. 
Eberhart et al. (1973) compared seven cycles of intrapqpulation half-sib recurrent 
selection using the double cross hybrid Iowa 13 to improve the population BSSS(HT), to 
five cycles of RRS improvement using the BSSS(R)CN and BSCB1(R)CN com 
populations. He found an unexpected result in that the C5 x CO cross yielded more than the 
C5 for both the BSSS(R) and BSCB1(R) populations. This would not be expected if the 
effect of selection alone was considered because the C5 x CO cross should have a lower 
frequency of favorable alleles relative to the C5 population. If the effect of inbreeding in the 
C5 population is considered with the effect of selection, then the results can be explained 
because hétérozygotes that have been lost in the C5 are regained in the C5 x CO cross. 
Eberhart et aL (1973) also reported that by evaluating the improved populations per se and in 
a diallel the results could be e3q)lained by the different recurrent selection methods acting on 
loci with different levels of dominance. The results supported the hypothesis that reciprocal 
recurrent selection acted primarily on loci with overdominant or pseudo-overdominant gene 
action. The intrapopulation half-sib method was believed to have acted on loci which were 
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primarily in the partial to complete level of dominance. Eberhart recommended reciprocal 
full-sib selection over RRS because he felt the reciprocal full-sib method would be more 
efficient 
Smith (1979a) modified the Hammond-Gardner model to include a partial regression 
coefficient which estimates inbreeding depression. He rqwrted that if little or no 
overdominance gene action was present, inbreeding depression due to finite population size 
may be attributed to a loss of heterozygotes if dominance is positive. His analysis of the 
Eberhart et aL (1973) study suggested that populations which were originally the same, but 
were altered through different methods of recurrent selection, could accumulate different 
amounts of inbreeding d^ression although effective population sizes were identical. 
Smith (1984) evaluated a suggestion which Cress (1967) had proposed. Cress 
(1967) used computer simulation to evaluate RRS and suggested that it would be 
advantageous to intermate the source populations of an RRS program to maximize genetic 
variance in tiie resulting population. The population formed by intermating the RRS source 
populations would be divided into two base populations and RRS would be applied between 
these base populations. Smith evaluated the BS6(RS) and BS6(RC) com populations that 
originated from the same base population (BS6) formed by intermating the BSSS(R)C5 and 
BSCB1(R)C5 populations. BS6(RS) was improved using the latest cycle of BSCB1(R) as 
the tester and BS6(RC) was improved using thé latest cycle of BSSS(R) as the tester. 
Progress in BS6(RC) and BS6(RS) was compared with progress in BSSS(R) and 
BSCB1(R). Improvement in ±e BS6(RC) x BS6(RS) population cross was significant 
while the improvement in the BSSS(R) x BSCB1(R) population cross was not significant 
when evaluated over three cycles of selection. Improvement in the population evaluated per 
se was significant for BSSS(R) but not significant for BSCB1(R). Improvement in 
BS6(RS) evaluated as population per se was significant but was not significant in BS6(RC). 
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Smith stated that if overdominance gene action is not present, it would be advantageous to 
intermate the source populations so that all favorable alleles are present in both populations. 
If gene action is only additive, line per se evaluation would be more effective than RRS in 
improving the population. 
Tanner (1984) evaluated the BSK(S) and BSK(HI) com populations. BSK(S) was , 
improved using six cycles of SI per se and two cycles of S2 per se recurrent selection. 
BSK(HI) was improved using several different narrow based testers in a half-sib recurrent 
selection program. After eight cycles, the observed mean of grain yield did not dififer 
significantly between methods. The BSK(S) population corrected for genetic drift was 
superior to the BSK(EiI) population corrected for the effect of drift Recombination of S2s 
in cycles 7 and 8 may have contributed to the greater inbreeding depression in be BSK(S) 
population relative to the BSK(HI) population. 
Kojima (1961) used a theoretical argument to show that when the difference between 
the homo^gous favorable genotype and the heterozygous genotype is less than the 
difference between the hetero^gous genotype and the homozygous unfavorable genotype 
for a single locus, the effects of inbreeding would decrease the expected gain. Dominance 
gene action was thus a requirement for inbreeding depression. Also, in a population of 
infinite size, dominance alone would cause a bias in the usual prediction equation AG = 
kVa2p(h2). 
Lush (1948) showed that dominance gene action was necessary for inbreeding to 
result in a decrease in the population mean. 
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Genotypes Frequencies 
Coded Genotypic 
Values 
aa 
Aa 
AA p2 + Fpq 
2pq(l-F) 
q2 + Fpq -a 
d 
a 
population mean (M) = a(p2 + Fpq) + d(2pq-2pqF) + (-a)(q2+Fpq) . 
= ap2 - aq2 + 2pqd(l-F) 
= a(p-q) + 2pqd(l-F). 
If one takes the derivative of the mean with respect to the inbreeding coefficient, the change 
in the mean is: 
Lush stated, "With increasing inbreeding, the mean of such favorable things as size, growth 
rate, fertility, vitality, etc., generally declines. So far as this decline dq>ends on dominance, 
it is strictly linear with F and varies with the degree of the dominance. This can be seen by 
differentiating with respect to F the general formula for the mearL The change would 
therefore be zero if there were no dominance. The decrease would be larger as the degree of 
dominance increases, and could become very large if overdominance were extreme." 
Explanation of Thesis Format 
This dissertation includes two sections. Section I includes a study to evaluate 
changes in genetic variances, genetic correlations, means, and ranges of a random set of S2s 
&om each of the five populations evaluated. Section H includes an analysis to separate the 
effects of genetic drift fiom the effects of selection for three recurrent selection methods 
which share the same parental population. 
Each section is in the form of a complete manuscript that will be submitted to a 
professional journal Appendices to Section I, Section n, a theoretical appendix, and a data 
dM/dF = -2pqd-
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appendix appear at the end of the dissertation. These 2g)pendices will not be included in the 
published manuscripL A section of General Discussion and Conclusions of the two sections 
follow Section IL 
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SECnON L ESTIMATING GENETIC VARIANCES, GENETIC 
CORRELATIONS, RANGE, AND MEANS OF S2s IN 
IMPROVED AND UNIMPROVED IOWA STIFF STALK 
SYNTHETIC' (Zea mavs L.) 
Abstract 
Progress from selection is dq>endent on the genetic variance within the population. 
Additive genetic variance is of primary interest to plant breeders because genes and not 
genotypes are the units of inheritance. Selection and genetic drift are two biological 
processes which m  ^act to change gene âequencies and thus change the magnitude of the 
genetic variance of a peculation over (ycles of a recurrent selection program. The objectives 
of this study were 1) to determine if significant changes in additive genetic variance had 
occurred after recurrent selection for grain yield in two populations of com fZea mays L.); 
2) to estimate tiie range in performance of unselected S2 progenies averaged over six 
envirormients in the original and improved populations; and 3) to estimate genetic 
correlations between several traits in the original and improved populations. The original 
base population for the recurrent selection methods was Iowa Stiff Stalk Synthetic' 
(BSSSCO). 
A random set of 50 S2 progenies from each of five populations was evaluated in a 
r^lications within sets experiment After nine cycles of reciprocal recurrent selection 
(RRS), the genetic variance decreased for four out of the five traits evaluated. The 
magnitude of genetic variance within the population improved by seven cycles of 
intrapqpulation half-sib (HT) and three cycles of S2 per se (S) recurrent selection decreased 
for two traits and increased for three traits. RRS, HT, and S methods of selection increased 
the average grain yield of a random set of S2 progenies relative to the original BSSSCO 
population. Estimates of genetic correlations were not consistent in magnitude or sign 
among the populations evaluated. 
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Fixation of alleles due to genetic drift was expected to decrease the genetic variance in 
the improved populations relative to the original BSSSCO population. Means of random S2 
progenies suggest that the effects of selection were similar for the RRS and combined HT 
and S methods. The evidence from this study suggests that genetic variance decreased in the 
population improved using RRS but not in the population improved using the HT and S 
methods. Because the effects of genetic drift were expected to be very similar for both 
populations, the lack of a decrease in genetic variance in the population improved using the 
HT and S methods was unexpected- Lack of precision in estimating genetic variances may 
account for the discrepancy between the change in genetic variance in one but not the other 
population, relative to the original population. 
Introduction 
Progress from selection is directly related to the magnitude of genetic variance in the 
population. The total genetic variance can be partitioned into additive, dominance, and 
epistatic components (Falconer, 1960). Additive genetic variance is of primary interest to 
plant breeders because genes and not genotypes are the units of inheritance. Continued 
progress in advanced cycles of recurrent selection programs requires that additive genetic 
variance be maintained in the population. Falconer (1960) illustrated the relative magnitude 
of additive genetic variance as a function of gene frequency for several levels of dominance. 
He demonstrated that genes at intermediate frequencies contribute more to the genetic 
variance of a trait than genes at higher or lower frequencies. Selection and genetic drift are 
two biological processes that act to change gene frequency in a population. If the number of 
individuals selected to form the new population is small, genetic drift could have a greater 
effect on changing gene frequencies than the effects of selection. Genetic drift is random in 
direction and acts to change gene frequencies from intermediate to extreme values. The 
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effect of this change in gene frequency is to reduce the genetic variation in small populations. 
Changes in allelic frequencies 6oni intermediate to extreme values will also be expected to 
reduce additive genetic variance. Gill (1965) used conçuter simulation to compare predicted 
genetic advance fix>m 30 generations of selection with the realized response. He reported 
that random genetic drift changed flie additive genetic variance and this change made the 
predicted response to selection, based on an infinite population size, inaccurate. He 
emphasized the need to re-evaluate the population parameters after a few cycles of selection, 
due to the effect that genetic drift would have on gene frequency. 
The objectives of this study were l)to determine if significant changes in additive 
genetic variance had occurred after cycles of recurrent selection in two populations of com 
fZea mays L.); 2) to estimate the range in performance of unselected S2 progenies averaged 
over six environments in the original and improved populations; and 3) to estimate genetic 
correlations among several traits in the original and improved populations. 
Materials and M^ods 
Bi the 1980 winter nursery, we obtained selfed seed of 50 SO plants for each of the 
BSSSCO, BSSS(R)C5, BSSS(R)C9, BS13(S)C0, and BS13(S)C3 populations. The 
BSSS(R) population was improved using reciprocal recurrent selection (E?RS) as outlined by 
Penny and Eberhart (1971). The BSSSCO population was improved for seven cycles by use 
of half-sib recurrent selection using a double-cross hybrid (Iowa 13) as the tester (Eberiiart et 
aL, 1973). After seven cycles of half-sib selection, the population was renamed 
BS13(S)C0. The BS13(S) population was then improved using three cycles of S2 per se 
recurrent selection to form the BS13(S)C3 population. The BSSS(R) and BS13(S) 
populations share BSSSCO as the common original parental synthetic population. 
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The 250 SI progenies from the 1980 winter nurseiy were planted in the 1981 
summer nurseiy, and the first three consecutive plants in each S1 progeny row were self-
pollinated. At harvest, the ear of the middle plant of the three self-pollinated plants was 
saved to represent an S2 progeny. la the 1982 winter nursery, the S2 progenies were sib-
mated within each S2 line to increase the amount of seed available for evaluation. 
The S2 entries were assigned to five sets. The first 10 S2 progenies, based on 
nursery row numbers, of each of the five populations comprised the first set The second set 
included the second 10 consecutive nurseiy rows of each of the five populations. The third, 
fourth, and fifth sets were formed in the same manner. Each of the five sets included 50 S2 
progenies. Each set included 10 S2 progenies fi?om each of the five populations. The 50 S2 
progenies within each set were randomized without restriction to form one replication. Each 
set included two replications. The experimental design was a replications within sets, and 
the experiment was conducted in six environments: Ames, Iowa, in 1983,1984, and 1985; 
Ankeny, Iowa, in 1984 and 1985; andMartinsburg, Iowa, in 1984. Experimental sites at 
each location were the Agronomy and Agricultural Engineering Research Center near Ames, 
the Iowa State University Research Farm near Ankeny, and the Committee for Agricultural 
Development Farm near Martinsburg. All trials were machine-planted and harvested with no 
gleaning of ears from either lodged or broken plants. Two-row plots 5.3 m long with 
76 cm between rows were used. Plots were overplanted and thinned to 59,000 plants ha'l. 
Data were collected on aU plots for grain yield adjusted to 15.5 parent moisture content (Mg 
ha"l), grain moisture content (percentage) at harvest, stand (number of plants per hectare), 
root lodging (percentage of plants leaning more than 30° from vertical), stalk lodging 
(percentage of plants broken below the primary ear), and dropped ears ^ )ercentage of ears on 
the ground at harvest). 
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Environments and S2 progenies within each population were considered as random 
effects. Populations were considered fixed effects. The sum of squares for each population 
within each set were averaged over environments and replications and then pooled over sets 
to provide the sums of squares for S2 progenies for each population. The entry by 
environment mean square for each population was subtracted &om the entry mean square for 
the appropriate population, and the difference was divided by the number of replications 
times environments (12). The result was the estimate of the variance among S2 progenies 
within a particular population. Analysis of covariance was done analogous to the analysis of 
variance to estimate the genetic covariance between two traits among S2 progenies in a 
particular population. Genetic congelations were calculated using the formula 
%— . 
V Gil • G22 
where G12 is the estimated genetic covariance among S2 progenies within a population 
between two traits (1 and 2), Gn is the estimated genetic variance among S2 progenies for 
trait 1, and G22 is the estimated genetic variance among S2 progenies for trait 2. Standard 
errors of  ^were estimated using the method of Tallis (1959). 
Heritabilities were estimated as the ratio of the genetic variance among the 50 
progenies within a population to the phenolypic variance on a progeny mean basis. 
Confidence intervals for heritabilities were calculated using the method of Knapp et al. 
(1985). Genetic coefficients of variation (GCV) were calculated using the fbimula 
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GCV = 
X 
Results and Discussion 
The range and the lowest and highest S2 progeny means for grain yield averaged 
over six environments are given in Table 1 for each population. Differences between ranges 
of the BSSSCO and the other populations were nonsignificant The smaller ranges of the 
BSSS(R)C9, BS13(S)C0, and BS13(S)C3 populations were because the lowest yielding S2 
progeny means were significantly (p < 0.05) greater than the lowest yielding BSSSCO S2 
progeny mean (Table 1). Both the lowest and highest yielding S2 progeny means of the 
BS13(S)C3 were significantly greater than the corresponding S2 progeny means of 
BSSSCO. 
Means of 50 S2 progenies, averaged over all environments, for five traits and five 
populations are given in Table 2. The difference between percentage of root lodging of the 
BSSSCO and the BS 13(S)C0 was significant and increased over cycles of selection. The 
difference between the percentage of root lodging of the BS13(S)C0 and BS13(S)C3 was 
significant at the 0.01 leveL Three cycles of S2 per se recurrent selection have significantly 
decreased the percentage of root lodging when measured using random S2 progenies relative 
to BS13(S)CO. Percentage of stalk lodging of the BSSS(R)C9 and BS13(S)C0 population 
relative to the BSSSCO significantly decreased. Three cycles of S2 per se recurrent selection 
have significantly increased percentage of stalk lodging as measured in the difference 
between the random S2 progenies from the BS13(S)C3 and BS13(S)C0. Percentage of 
dropped ears significantly decreased, when measured using random S2 progenies fiom the 
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Table 1. Lowest and highest S2 progenies and the range of S2 progenies averaged over six 
environments for each of five populations for grain yield 
Grain yield of S2 progenies 
Population Lowest yielding BSghest yielding Range 
Mg ha-l 
BSSSCO 0.587 4.067 3.480 
BSSS(R)C5 0.981 4.471 3.490 
BSSS(R)C9 2.336** 4.359 2.023 
BS13(S)C0 1.535* 4.444 2.908 
BS13(S)C3 2.305** 5.425** 3.120 
LSD (0.05) 0.918 0.918 1.836 
LSD (0.01) 1.295 1.295 2.590 
•Significantly different from BSSSCO at 0.05 leveL 
**Significantly different from BSSSCO at 0.01 level 
BS13(S)C0 and BS13(S)C3 relative to the BSSSCO random S2 progenies. Grain yield, 
evaluated using random S2 progenies, has significantly increased for all improved popula -
tions when compared to BSSSCO. RRS and intrapopulation half-sib and S2 per se recurrent 
selection methods were efifective for increasing the frequency of favorable alleles for yield 
because grain yield has increased over cycles of selection. Further evidence of the success 
of these recurrent selection methods is shown in Table 1. The increase in the lowest 
yielding S2 progeny mean for each of the three methods of recurrent selection suggests that 
the frequency of undesirable recessive alleles has been decreased over cycles of selection. 
The mean of random S2 progenies from the BSSS(R)C9 was 62% greater than the mean of 
random S2 progenies from the BSSSCO. The mean of random S2 progenies from the 
BS13(S)C3 was 81% greater than the mean of random S2 progenies from the BSSSCO. 
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The distributions of the 50 S2 progenies in the BSSS(R)C9 and BS13(S)C3 populations 
relative to the BSSSCO population are shown in Figure 1. Recurrent selection has resulted 
in populations which produce superior selfed progeny when evaluated per se and this is an 
important practical concern of commercial seed companies. This increase in the fiequency of 
favorable alleles over cycles of selection should increase the plant breeder's ability to find 
superior genetic combinations. The selection criteria used ia the recurrent selection programs 
emphasized selection for decreased root lodging, stalk lodging, dropped ears, and grain 
moisture and increased grain yield. The pdmaiy trait of interest, however, has been grain 
yield adjusted to 15.5 percent moisture. Percentage of grain moisture at harvest significantly 
decreased in the BSSS(R)C5, BSSS(R)C9, and BS13(S)C3 populations relative to the 
BSSSCO, when random S2 progenies are the method of evaluation (Table 2). 
Table 2. Mean of 50 S2 progenies for five traits for each of five populations evaluated in six 
environments 
Lodging Grain 
Population Root Stalk Dropped ears Yield Moisture 
%— (Mg ha-1) (%) 
BSSSCO 16.0 14.9 0.8 2.116 26.5 
BSSS(R)C5 17.5 15.0 0.7 2.620** 25.4** 
BSSS(R)C9 17.2 11.2** 0.6 3.420** 26.0** 
BS13(S)C0 24.6** 10.3** 0.4** 3.318** 26.1 
BS13(S)C3 19.7** 16.0 0.1** 3.837** 24.9** 
LSD (0.05) 2.1 1.5 0.2 0.116 0.4 
LSD (0.01) 2.8 1.9 0.2 0.152 0.5 
*Significantly different 6om BSSSCO at 0.05 level 
**Significantly different fiom BSSSCO at 0.01 level 
Figure 1. Distribution of 50 S2 lines averaged over six environments for grain yield 
for each of three populations 
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Table 3. Estimates of genetic variance and standard errors of estimates among 50 S2 progenies for five traits and for each of five 
populations evaluated in six environments 
Lodging Grain 
Root Stalk Dropped ears Yield Moisture 
Population Estimate S.E.^  Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E. 
% Mgha-l % 
BSSSCO 58.60 17.49 77.93 19.23 0.78 0.25 0.4102 0.0983 4.71 1.15 
BSSS(R)C5 53.09 15.36 60.73 14.88 0.59 0.17 0.5837 0.1344 4.36 1.03 
BSSS(R)C9 62.18 17.19 31.23 8.38 0.10 0.05 0.1546 0.0502 2.84 0.74 
BSl3(S)CO 185.46 46.08 50.12 13.05 0.11 0.05 0.3212 0.0804 4.51 1.11 
BS13(S)C3 64.87 19.66 99.82 24.67 0.01 0.01 0.4408 0.1146 3.74 0,90 
%.E. is the standard error of the estimate of the genetic variance. 
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Comparisons between the estimates of S2 components of variance suggest that 
genetic variances have decreased for four out of five traits evaluated for the BSSS(R)C9 
relative to BSSSCO (Table 3). Genetic variance among S2 progenies of BS13(S)C3 
decreased for percentage of dropped ears and grain moisture and increased for percentage of 
root and stalk lodging and grain yield relative to tiiat of the BSSSCO population. Consid -
ering the difficulties in estimating genetic variances, the estimates of BS13(S)C3 and 
BSSSCO appear roughly equivalent in magnitude for all traits except the percentage of 
dropped ears component of variance among S2 progenies. The mean percentage of root 
lodging increased from 16.0% in the BSSSCO to 24.6% in the BS13(S)C0 and, 
subsequently, decreased to 19.7% in the BS13(S)C3. All of the changes were significant 
(Table 2). The estimates of genetic components of variance among S2 progenies were 
58.60 for percentage of root lodging in the BSSSCO, 185.46 in the BS13(S)C0, and 64.87 
in the BS13(S)C3. As the mean percentage of root lodging increased from the BSSSCO to 
the BS 13(S)C0, the frequency of favorable alleles for root lodging resistance would be 
expected to decrease. One reason for the expected decrease in the frequency of favorable 
alleles for percentage of root lodging after seven cycles of intrapopulation half-sib recurrent 
selection may have been due to the choice of the tester. The double cross hybrid, Iowa 13, 
may have prevented effective selection to decrease root lodging due to favorable dominant 
alleles in the tester masking unfavorable recessive alleles in the population being tested. If 
alleles at some loci in the population being tested were effectively neutral in fitness due to the 
masking effects of dominant alleles in the Iowa 13 tester, then genetic drift alone would 
operate at these loci without the process of selection. With complete dominance and as the 
frequency of the favorable alleles in the population decreased toward 0.25, the additive 
genetic variance increases (Falconer, 1960). If genetic drift decreased the frequency of 
favorable alleles toward 0.25 for root lodging resistance, at some loci, and complete 
47 
dominance gene action was present, then the percentage of root lodging would be expected 
to increase and the additive genetic variance would be expected to increase. The subsequent 
decrease in mean percentage of root lodging and genetic variance among S2 progenies for 
this trait from the BS13(S)C0 to the BS13(S)C3 may be because unfavorable recessive 
alleles, which were previously masked by dominant favorable alleles when Iowa 13 was 
used as tester, were subsequently selected against when the recurrent selection method was 
changed to S2 per se. Selection against these unfavorable recessive alleles using S2 per se 
recurrent selection resulted in gene fiequency possibly increasing fiom 0.25 toward a higher 
ftequency. This would result in decreases in both the observed mean percentage of root 
lodging and genetic variance among S2 progeny, which was observed from BS13(S)C0 to 
BS13(S)C3. 
One of the goals of recurrent selection is to maintain genetic variability to permit 
continued progress from selection. Both selection and genetic drift may act to decrease 
genetic variation. Regardless of the level of dominance, drift acts to decrease genetic 
variance at extreme values of gene frequency. The ultimate lack of genetic variance at a locus 
occurs when a gene is fixed homozygous favorable or alternatively, homo^gous 
unfavorable, because at this point zero genetic variance exists at that locus. 
In cycles one through eight, 10 selected individuals were intermated to form the 
improved population. After cycle eight, 20 selected individuals were recombined to fonn the 
new population. The rate of inbreeding and fixation of alleles is expected to decrease as the 
effective population size is increased. The lack of a decrease in genetic variability for three 
out of the five traits evaluated in the BS13(S)C3, relative to the BSSSCO, was unexpected 
and difficult to explain. Hallauer (1970) reported for the trait grain yield that the magnitude 
of dominance genetic variance decreased after four cycles of selection in the the BSSS0R)C4 
Syn-3 and BSSS(R)C4 x BSCB1(R)C4 Syn-3 relative to the appropriate CO and CO x CO 
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populations. The additive genetic variance decreased in the BSSS(R)C4 Syn-3 and 
BSSS(R)C4 X BSCB1CR)C4 Syn-3, but it did not significantly decrease in the 
BSCB1(R)C4 Syn-3, relative to the appropriate CO peculation. Penny and Eberhart (1971) 
evaluated five cycles of RRS using BSSS(R)CN and BSCB1(R)CN populations. They 
reported that selection decreased the pooled estimate of genetic variance for grain yield for 
the C1-C4 populations to one-third of the genetic variance of the respective CO populations. 
Eberhart et aL (1973), evaluated seven cycles of intrapopulation half-sib recurrent selection 
in the BSSS(HT) population and reported no evidence of a decrease in genetic variance for 
grain yield. The basis of their conclusion was because genetic gain is e^qpected to be 
proportional to additive genetic variance, and there was no decrease in genetic gain in the last 
cycles relative to the gain in the first cycles. Martin and Hallauer (1980) evaluated seven 
cycles of RRS and found that genetic variance for grain yield among testcross progeny did 
not decrease for either the BSSS(R) or BSCB1(R) populations over cycles of selection. The 
change firom hand harvesting to machine harvesting for the fifth cycle of selection may have 
increased genetic variability because variation in stalk lodging and ear retention would affect 
machine harvestable grain yield. Inbreeding at the C7 was estimated to be 29%. This 
inbreeding was attributed to the small population size of 10 lines recombined per cycle of 
selection. 
Moll and Smith (1981) used an adapted x exotic com population to compare fiiU-sib 
versus SI per se recurrent selection for five cycles of selection. Twenty families of 160 
families evaluated were selected and recombined in each cycle. Genetic variance estimates 
for grain yield among families were reduced over cycles of selection in both of the methods 
of selection evaluated. Additive variance was estimated to be much smaller after selection, 
and dominance variance was reduced by one-third. MoU et aL (1977) compared the genetic 
variance for grain yield among hybrids produced between S5 lines developed fix>m the two 
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populations improved by RRS. CO x CO hybrids were compared to C6 x C6 hybrids, 
and the genetic variance was larger for the CO x CO (356 ±118) than for the C6 x C6 
(215 ± 105) hybrids; this difference, however, was not significant Mulamba et aL (1983) 
compared the genetic variance among SI progenies after 14 cycles of mass selection, eight 
cycles of SI per se, and eight cycles of half-sib selection to the genetic variance of the 
BSKCO population, which was the original base population for the three methods of 
selection. The genetic variance among random SI progenies derived from the mass selected 
population did not decrease after 14 cycles of mass selection but did decrease after eight 
cycles of SI and half-sib family selection for grain yield. This result agreed with theory 
because smaller effective population sizes were used for half-sib and SI per se selection 
relative to mass selection. Use of smaller effective population size should result in increased 
genetic drift and decreased genetic variance. 
Genetic correlation among five traits for each population of S2 progenies evaluated 
are listed in Table 4. The genetic correlations were generally small and not consistent in 
direction or magnitude from the BSSS(R)C5 to the BSSS(R)C9 or from the BS13(S)C0 to 
the BS13(S)C3. The lack of consistent relationships between traits may be due to the 
difficulty in obtaining estimates of genetic variances and covariance. The lack of consistent 
relationships among traits over cycles of selection may also be explained by the lack of 
precision of these estimates due to the small number of S2 progenies evaluated and changes 
in gene frequency because of selection (Table 5). 
In the first eight cycles, only 10 selected progenies were recombined. Linkage and 
(or) pleiotropism also would affect the estimates of the correlations. If genetic drift altered 
frequencies of genes which have pleiotropic effects, the random direction of these changes 
would produce genetic correlations over cycles of selection which are inconsistent in 
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Table 4. Estimates of genetic correlations of five populations using 50 S2 progenies for five 
traits evaluated in six environments 
Trait 
Stalk Dropped Grain Grain 
Population Traits lodging ears yield moisture 
Root lodging 
BSSSCO 0.38 
BSSS(R)C5 0.34 
BSSS(R)C9 0.11 
BS13(S)C0 -0.02 
BS13(S)C3 0.23 
Stalk lodging 
BSSSCO 
BSSS(R)C5 
BSSS(R)C9 
BS13(S)CO 
BS13(S)C3 
Dropped ears 
BSSSCO 
BSSS(R)C5 
BSSS(R)C9 
BS13(S)CO 
BS13(S)C3 
Grain yield 
BSSSCO 
BSSS(R)C5 
BSSS(R)C9 
BS13(S)C0 
BS13(S)C3 
0.09 -0.08 0.09 
0.26 0.17 -0.05 
-0.54 0.15 -0.29 
-0.15 0.02 0.28 
0.58 0.35 0.10 
0.32 0.20 -0.38 
0.00 0.38 -0.11 
0.02 -0.02 -0.32 
0.08 0.19 -0.47 
0.27 -0.13 -0.37 
0.01 • -0.04 
-0.14 -0.15 
0.55 0.13 
0.27 -0.10 
0.51 -0.06 
0.04 
-0.27 
-0.32 
-0.16 
0.13 
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Table 5. Estimates of standard errors of genetic correlations of five populations using 50 S2 
progenies for five traits evaluated in six environments 
Trait 
Stalk Dropped Grain Grain 
Population Traits lodging ears yield moisture 
Root lodging 
BSSSCO 0.18 
BSSS(R)C5 0.18 
BSSS(R)C9 0.19 
BS13(S)CO 0.18 
BS13(S)C3 0.19 
Stalk lodging 
BSSSCO 
BSSS(R)C5 
BSSS(R)C9 
BS13(S)CO 
BS13(S)C3 
Dropped ears 
BSSSCO 
BSSS(R)C5 
BSSS(R)C9 
BS13(S)CO 
BS13(S)C3 
Grain yield 
BSSSCO 
BSSS(R)C5 
BSSS(R)C9 
BS13(S)C0 
BS13(S)C3 
0.22 0.19 0.19 
0.20 0.18 0.19 
0.26 0.21 0.18 
0.23 0.18 0.17 
0.32 0.19 0.19 
0.19 0.17 0.16 
0.19 0.15 0.17 
0.27 0.21 0.17 
0.23 0.18 0.15 
0.30 0.18 0.15 
0.20 0.20 
0.18 0.19 
0.26 0.27 
0.23 0.06 
0.31 0.29 
0.18 
0.16 
0.19 
0.17 
0.18 
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Table 6. Heritability estimates (h^) for five traits for S2 progeny means evaluated in six 
environments for five populations 
Confidence limits 
Population Traits h2 Lower bound Upper bound 
Grain yield 
BSSSCO 0.86 0.79 0.91 
BSSS(R)C5 0.90 0.84 0.93 
BSSS(R)C9 0.64 0.46 0.76 
BS13(S)CO 0 83 0.74 0.89 
BS13(S)C3 0.80 0.69 0.87 
Grain moisture 
BSSSCO 0.85 0.77 0.90 
BSSS(R)C5 0.87 0.80 0.91 
BSSS(R)C9 0.79 0.68 0.86 
BS13(S)CO 0.84 0.74 0.89 
BS13(S)C3 0.86 0.79 0.91 
Root lodging 
BSSSCO 0.70 0.54 0.80 
BSSS(R)C5 0.72 0.50 0.78 
BSSS(R)C9 0.75 0.62 0.84 
BS13(S)CO 0.83 0.75 0.89 
BS13(S)C3 0.69 0.53 0.79 
Stalk lodging 
BSSSCO 0.84 0.76 0.89 
BSSS(R)C5 0.84 0.76 0.90 
BSSS(R)C9 0.77 0.66 0.85 
BS13(S)CO 0.80 0.69 0.86 
BS13(S)C3 0.84 0.75 0.89 
Dropped ears 
BSSSCO 0.66 0.48 0.77 
BSSS(R)C5 0.71 0.57 0.81 
BSSS(R)C9 0.40 0.10 0.60 
BS13(S)CO 0.51 0.27 0.68 
BS13(S)C3 0.30 -0.05 0.54 
53 
Table 7. Estimates of genetic coefficients of variation (GVQ among 50 S2 progenies for 
five traits for each of five populations evaluated ID six environments 
Populations 
Traits BSSSCO BSSSCR)C5 BSSS(R)C9 BS13(S)CO BS13(S)C3 
Root lodging 0-479 0.416 0.459 0.553 0.409 
Stalk lodging 0.591 0.523 0.498 0.690 0.626 
Dropped ears 1.161 1.132 0.535 0.815 0.873 
Grain yield 0.302 0.292 0.115 0.171 0.173 
Grain moisture 0.082 0.082 0.065 0.081 0.078 
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magnitude. As the proportions of coupling phase linkages between two loci, which affect 
difference traits, are altered, the genetic coirelations between these two traits would also be 
changed. When only 10 selected progenies are recombined, the effect of sampling on the 
proportion of coupling to repulsion phase linkages may be large. 
Heritability estimates calculated for S2 progeny means for each population evaluated 
in six environments are listed in Table 6. The large magnitude of these estimates suggest 
that selection among S2 progenies should be highly effective if the lines were evaluated over 
six environments, which included three years of data. 
Estimates of genetic coefficients of variation (GCV) for all traits and all populations 
evaluated are listed in Table 7. GCV is used to compare the genetic variation among 
different traits without units of measure. Data in Table 7 suggest that considerable genetic 
variation exists for percentage of root lodging, stalk lodging, and dropped ears relative to 
percentage of grain moisture and grain yield. The estimates of GCV suggest that the 
genetic variation for grain yield relative to the mean has decreased with selection. The 
GCVs for BSSS(R)C9, BS13CO, and BS13(S)C3 are about 50% smaller than the GCV 
for BSSSCO. 
Conclusions 
The objectives of this study were to evaluate and compare interpopulation reciprocal 
recurrent selection (RRS), intrapopulation half-sib, and S2 per se recurrent selection. The 
populations included were BSSSCO, BSSS(R)C5, BSSS(R)C9, BS13(S)C0, and 
BS13(S)C3. Evaluations were based on 50 S2 progenies extracted from each population. 
The genetic variance of four out of five traits evaluated decreased from c^cle 0 to cycle 9 in 
the BSSS(R) population. The genetic variance among S2 progenies increased in three out of 
five traits and decreased in two traits from the BSSSCO to the BS13(S)C3 population. 
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When comparing the genetic components of variance among S2 progenies of the BSSSCO to 
those of the BS13(S)C3 population, conçarable components had the same order of 
magnitude except for percentage of dropped ears which decreased. 
Recurrent selection effectively increased the mean grain yield of a random set of S2 
progenies derived &om the improved populations relative to the original population. One of 
the objectives of recurrent selection is to increase the ftequency of favorable alleles in the im­
proved population relative to the original population. This study suggests that this objective 
was realized. The second objective is to maintain genetic variability in the improved popula -
tion. This study suggests that genetic variance has been maintained in the BS13(S)C3 
population but not in the BSSS(R)C9 population. Genetic drift, due to the small effective 
population size in cycles 1 to 8 may have been partially responsible for the decreased genetic 
variance in the BSSS(R)C9 population. Effective selection may act to decrease genetic 
variance, depending on the gene fiequency and level of dominance. The lack of a decrease 
in the estimated genetic variance in the BS13(S)C3 population was unexpected. Since the 
same number of selected individuals were recombined in both methods, the effect of genetic 
drift per cycle should be equal. Since the initial gene firequencies in BSSS(R) and BS13(S) 
were the same, because both originated from BSSSCO, changes in gene frequency due to 
selection should have similar effects on genetic variances in both populations, provided the 
effects of selection were similar. Comparisons of means of 50 S2 progenies from 
BSSS(R)C9 and BS13(S)C3 relative to BSSSCO, suggest that the effects of selection were 
similar over cycles of improvement for both populations. Difficulty in estimating genetic 
variances with the necessary precision may have resulted in the discrepancy between the 
decreased genetic variance in four out of five traits evaluated in the BSSS(R)C9 and in the 
small decreased genetic variance in only two of five traits in BS13(S)C3 relative to the 
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original population. Adequate precision in estimating genetic variances may require that 
more than 50 S2 progenies from each population be evaluated. 
Estimates of genetic correlations were not consistent in magnitude or sign among the 
populations evaluated. One explanation for the lack of consistent estimates of the genetic 
correlation between any two traits, when different cycles of recurrent selection were 
compared, may be due to the possible large effects of genetic drift on linkage relationships 
over cycles of improvement 
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SECTION n. ESTIMATING THE EEFECTS OF GENETIC DRIFT AND 
SELECTION ON THE POPULATION MEAN IN THREE 
RECURRENT SELECTION PROGRAMS 
Abstract 
It is necessary to evaluate progress of selection methods in which the same initial 
population was used to determine which recurrent selection method is the most desirable. 
Progress in com (Zea mavs L.) from recurrent selection can be evaluated using populations 
per se, populations selfed, and populations crossed to either unrelated or related testers. A 
genetic model was used which evaluated progress from selection and also allowed separation 
of the effects of selection from those of genetic drift The objectives of this study were to 
evaluate and conçare progress from reciprocal recurrent selection (RRS) and from 
intrapopulation selection that included half-sib (HT) and S2 per se (S) in Iowa Stiff Stalk 
Synthetic' (BSSSCO). Estimation of the effects of genetic drift may be usehil because the 
choice of what constitutes adequate effective population size may be altered, based on 
empirical results. To evaluate the recurrent selection progress, a randomized complete block 
design that included 50 entries was evaluated at five locations in each of two years. 
Differences for grain yield in population per se improvement were nonsignificant 
between all methods of recurrent selection. Differences in the effects of genetic drift using 
the Smith genetic model were nonsignificant between all selection methods for grain yield. 
When the improved populations were evaluated for grain yield in crosses with an unrelated 
inbred line (Mo 17), the improvements were parallel to the respective population per se 
improvement The improved populations crossed to an unrelated population, which was 
used reciprocally as the tester for RRS [BSCB 1(R)CN], suggest that response to RRS in 
improving the population cross mean was similar to the populations improved by either HT 
or S methods of selection. The practical ease in forming HT or S families, relative to 
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forming RRS families, suggests that either the HT or the S methods were preferable to RRS. 
A further evaluation of RRS and the HT and S program might be useful to determine if 
selection for specific combining ability does occur in programs continued for more thm 10 
cycles of RRS. The estimated effects of genetic drift suggest that more than 10 selected lines 
should be recombined if the goals of the recurrent selection program are mrae than six or 
seven cycles. 
IhtrodudHNi 
Half-sib recurrent selection was initiated in the "Iowa Stiff Stalk Synthetic'(BSSS) 
maize (Zea mays L.) population in 1939 using the double cross Iowa 13 as the tester. The 
population improved by this intrapopulation half-sib method (HT) was designated 
BSSS(HT)CN, where CN refers to number of cycles of selection. After seven cycles of HT 
selection were completed, the BSSS(HT)C7 was relabeled the BS13CO population. The 
population was then improved using S2 per se recurrent selection rather than the previous 
half-sib method. This method will be referred to as the S program, and the improved 
population was labeled BS13(S)CN. 
Reciprocal recurrent selection (RRS) was initiated in 1949 between the Iowa Stiff 
Stalk Synthetic [BSSS(R)], and the Iowa Com Borer Synthetic #1' [BSCB1(R)]. After the 
ninth cycle of RRS, the BSSS(R)C9 and BSCSB1(R)C9 were improved by a modification 
of reciprocal recurrent selection. In this modification of reciprocal recurrent selection, an S1 
plant from one population was crossed to 4 to 5 plants ftom a single SI line of the reciprocal 
population. In order to simplify this discussion, the 10 cycles of BSSS(R) x BSCB1(R) 
improvement will be referred to as RRS. 
Penny and Eberiiart (1971) evaluated progress in the RRS program. Eberhart et al. 
(1973) evaluated progress in the RRS and HT programs, and Smith (1983) used a model 
that he developed to evaluate progress in the RRS and HT programs. His model allowed the 
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effects due to selection to be separated fiom the effects due to genetic drift, if the 
assumptions of the model are accepted. 
The objectives of the study were to evaluate and compare progress from different 
recurrent selection methods and to separate the effects due to selection ôom the effects due to 
genetic drift using Smith's model 
Materials and Methods 
The details of RRS using BSSS(R) and BSCB1(R) were given by Penny and 
Eberhart (1971), and the details of the HT program were described by Eberhart et aL (1973). 
After the fifth cycle of RRS, individual SI plants were used in making test crosses, and all 
yield trials were machine-planted and harvested. Cycles 1 to 8 of the RRS program were 
formed by recombining 10 selected lines and cycles 9 and 10 were formed from 20 selected 
lines. In the HT program 10 selected lines were recombined in aU cycles. In the S2 
program, 10 selected S2 lines were used to form cycles 1 and 2 and 20 selected SI lines 
were used to form cycles 3 and 4. SI lines were selected and recombined in all other 
methods and cycles except for BSSS(R)C7 and BSCB1(R)C7, which were formed from 10 
selected S2 lines. 
In the 1983 summer nursery, the necessary populations per se, population crosses, 
and populations per se selfed were formed. The population crosses consisted of at least 75 
plants from each of the two populations. The populations per se and per se selfed consisted 
of at least 150 plants each, except in the case of the BSSSCO population where 134 plants 
were used to form the bulk. Selected populations were also crossed to BSCBl(R)CO, 
BSCB1(R)C6, BSCB1(R)C10, and the inbred line Mo 17. 
The 50 entries that were used in this e;q)eriment were grown in a randomized 
complete blocks design with three replications at each location. Duplicate entries of 
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BSSSCO, BSSS(R)C10, and BS13(S)C4 were used to increase precision in estimating 
genetic parameters of the model The e3q)eriinent was grown for two years and at five 
locations per year to provide data for 10 environments. Locations included the Agronomy 
and Agricultural Engineering Research Center near Ames, Iowa, Iowa State University 
Research Farm near Ankeny, Iowa, the Committee for Agricultural Development Farm near 
Kanawha, Iowa, the Committee for Agricultural Development Farm near Martinsburg, Iowa, 
and the Elijah Farm near Clarence, Iowa. Two row plots 5.3 m long with 76 cm between 
rows were used. The trials were overplanted and thinned to a unifonn stand. Final stands 
were about 59,000 plants ha* .^ All experiments were machine-planted and harvested with no 
gleaning. Grain yield (Mg ha*l) adjusted to 155% grain moisture, stalk lodging ^ )ercentage 
of plants broken below the ear), root lodging (percentage of plants inclined more than 30° 
from vertical), and percentage of dropped ears were measured in all environments. 
Enviroimients were considered random, and the entry by environment mean squares 
were used in tests of significance for differences among entries. The model used to estimate 
genetic parameters was described by Smith (1983). Genetic parameters (P) were estimated 
using least squares, where p = G?CX)"^XT, and entry means over all envirormients were 
used as the Y matrix. The X matrix was formed as a matrix of functions of cycle number 
and genetic parameter coefficients. 
The genetic parameters of the Smith (1983) model could not be estimated for 
BSCB1 (R) with the populations that were evaluated in this experiment The DLTI parameter 
for the BSSS(R), BSSS(HT), and BS13(S) populations, when crossed to the BSCB1(R) 
population, could not be separated from the ALT and DO' and DLIT genetic parameters for 
the BSCB1(R) population. As a result of this mathematical confounding, the progress from 
the BSSS(R)CN x BSCB1(R)CN, BSSS(HT)CN x BSCB1(R)CN, and BS13(S)CN x 
BSCB1(R)CN population cross performance was not estimated using the Smith model BO 
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is the predicted mean of the BSSSCO x BSCB ICO population cross using least squares 
theory. B1 is the regression coefficient which estimates the slope of the improvement in the 
BSSS(R)CN X BSCB1(R)CN population cross over cycles. B2 is the regression coefficient 
which estimates the slope of the improvement in the BS13(S)CN x BSCB1(R)CN 
population cross over cycles of selection. B3 is the regression coefficient which estimates 
the slope of the improvement in the BSSS(HT)CN x BSCB1(R)CN population cross over 
cycles. Bl, B2, and B3 each estimate ALI + DLI + ALI' + DW + 2DLT1 + 2DLn' + 
2HQIX BO is an estimate of 1/2(A0I+A0r) + DOI + DOr+ HIT The appropriate 
BSSS(R), BSSS(HT), or BS13(S) population is the I-th population, and the BSCBIÇR) 
population is the I-th-pnme population in terms of the genetic modeL 
Results and Discussion 
Analysis of variance (not shown) indicated highly significant differences among entries for 
all traits. The genotype x environment mean squares were significant for all traits except 
percentage of dropped ears. Growing conditions were favorable for all environments except 
Ankeny in 1985, where a later than usual date of planting and moisture stress during 
pollination, resulted in a mean grain yield of 4.84 Mg har  ^for the hybrid B73 x Mo 17. The 
mean grain yield of B73 x Mo 17 over all 10 environments was 8.55 Mg ha'^ . Root lodging 
was severe Marrinsburg in 1984. B73 x Mo 17 had 91.2 % root lodging at Mardnsburg in 
1984, while the average percentage of root lodging of this hybrid over all 10 envirormients 
was 12.3 %. 
Tables 1 to 5 list the observed and predicted values of five different traits. Predicted values 
were estimated by XP using least squares theory. Table 6 lists observed grain yields and 
grain yields after a theoretical adjustment for the estimated effects of genetic drift The 
observed yields were equal for BSSS(R)C6 and BSSS(HT)C7 while the adjusted yields 
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Table 1. Observed and predicted grain yields of populations per se, per se selfed, and 
population crosses evaluated in ten environments 
Populations and crosses Observed Predicted 
-Mg ha-l 
BSSSCO 3.85 3.93 
BSSS(HT)C2 4.31 4.51 
BSSS(HT)C4 4.64 4.88 
BSSS(HT)C6 4.98 5.03 
BS13CO 5.27 5.03 
BS13(S)C2 5.22 5.33 
BS13(S)C4 5.32 5.34 
BSSS(R)C2 4.51 4.55 
BSSS(R)C4 4.56 4.99 
BSSS(R)C6 5.27 5.24 
BSSS(R)C8 5.09 5.31 
BSSS(R)C10 5.31 5.19 
BSSSCO self 2.51 2.23 
BSSS(HT)C2 self 2.65 2.70 
BSSS(HT)C4 self 2.91 3.06 
BSSSCBTDCô self 3-23 3.32 
BS13CO self 3.37 3.40 
BS13(S)C2 self 3.91 3.78 
BS13(S)C4 self 4.10 4.01 
BSSS(R)C2 self 2.69 2.63 
BSSS(R)C4 self 2.76 2.95 
BSSS(R)C6 self 3.03 3.16 
BSSS(R)C8 self 3.06 3.29 
BSSS(R)C10 self 3.66 3.33 
BSSSCO 4.13 3.93 
BSSS(HT)C4 X BSSSCO 4.51 4.62 
BS13COX BSSSCO 5.39 5.14 
BSl3(S)C4x BSSSCO 5.75 5.59 
BSSS(R)C4x BSSSCO 4.80 4.64 
BSSS(R)C8x BSSSCO 5.54 5.36 
BSSS(R)C10x BSSSCO 5.64 5.71 
BSSS(R)C4 X BSSS(En)C4 5.32 5.33 
BSSS(R)C6xBS13CO 6.49 6.21 
BSSS(R)C10x BS13(S)C4 7.32 7.37 
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Table 1. (continued) 
Populations and crosses 
BSSSCOxBSCBlCO 
BSSS(R)C6 X BSCB1(R)C6 
BS13COxBSCBl(R)C6 
BSSS(R)C10 X BSCB1(R)C10 
BS13(S)C4 X BSCB1(R)C10 
BSSSCOxMo 17 
BSSS(R)C6xMo 17 
BSSS(R)C10xMo 17 
BS13C0xMol7 
BS13(S)C4xMo 17 
BSSS(R)C10 
BS13(S)C4 
BSSS(R)C9 X BS13(S)C3 Syn-3 
B84xMo 17 
B73xMol7 
Observed Predicted 
Mg ha"^— 
5.13 5.11 
6.38 6.42 
6.89 6.89 
7.30 7.28 
7.45 7.45 
6.75 6.55 
7.57 7.62 
8.48 8.33 
7.69 7.75 
7.95 8.20 
5.22 5.19 
5.33 5.34 
5.79 
9.48 
8.55 
65 
Table 2. Observed and predicted percentage of grain moisture mean of populations per se, 
per se selfed, and population crosses in ten environments 
Populations and crosses Observed Predicted 
% 
BSSSCO 27.61 26.81 
BSSS(HT)C2 27.57 27.32 
BSSS(HT)C4 27.12 27.83 
BSSS(HT)C6 28.35 28.34 
BS13CO 28.55 28.59 
BS13(S)C2 26.76 27.39 
BS13(S)C4 25.91 26.19 
BSSS(R)C2 25.21 26.41 
BSSS(R)C4 24.73 26-16 
BSSS(R)C6 27.01 26.09 
BSSS(R)C8 25.85 26.17 
BSSS(R)C10 26.49 26.42 
BSSSCO self 27.81 26.82 
BSSS(HT)C2 self 27.81 27.32 
BSSS(HT)C4 self 28.73 27.83 
BSSS(HI)C6 self 28.96 28.34 
BS13CO self 28.66 28.59 
BS13(S)C2 self 27.29 27.39 
BS13(S)C4 self 26.54 26.19 
BSSS(R)C2 self 25.64 26.73 
BSSS(R)C4 self 24.71 26.72 
BSSS(R)C6 self 27.84 26.80 
BSSS(R)C8 self 27.13 26.96 
BSSS(R)C10 self 27.46 27.20 
BSSSCO 27.40 26.82 
BSSS(HT)C4 X BSSSCO 27.34 27.32 
BSlSCOx BSSSCO 27.51 27.71 
BS13(S)C4x BSSSCO 26.74 26.51 
BSSS(R)C4x BSSSCO 25.51 26.33 
BSSS(R)C8x BSSSCO 26.93 25.83 
BSSS(R)C10xBSSSCO 26.40 25.59 
BSSS(R)C4x BSSS(HT)C4 25.75 26.83 
BSSS(R)C6x BS13C0 27.27 26.97 
Table 2. (continued) 
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Populations and crosses Observed Predicted 
BSSS(R)C10xBS13(S)C4 26.21 26.21 
BSSSCOxBSCBlCO 23.69 23.69 
BSSS(R)C6 X BSCB1(R)C6 25.31 25.31 
BS13COxBSCBl(R)C6 25.32 25.32 
BSSS(R)C10x BSCB1(R)C10 24.54 24.54 
BS13(S)C4 X BSCB1(R)C10 23.72 23.72 
BSSSCOxMol? 25.01 24.84 
BSSS(R)C6xMo 17 26.09 25.81 
BSSS(R)ClOxMo 17 26.28 26.45 
BS13COxMol7 25.21 25.74 
BS13(S)C4xMo 17 24.79 24.53 
BSSS(R)C10 26.32 26.42 
BS13(S)C4 26.24 26.19 
BSSS(R)C9xBS13(S)C3 Syn-3 26.45 
B84xMol7 24.98 
B73xMol7 25.53 
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Table 3. Observed and predicted percentage of root lod^g means of populations per se, 
per se selfed, and population crosses in ten environments 
Populations and crosses Observed Predicted 
% 
BSSSCO 15.68 1836 
BSSS(HT)C2 20.65 20.98 
BSSS(HT)C4 17.93 23.40 
BSSS(HT)C6 30.91 25.82 
BS13CO 28.85 27.03 
BS13(S)C2 14.35 20.23 
BS13(S)C4 15.68 16.80 
BSSS(R)C2 17.61 18.49 
BSSS(R)C4 17.87 18.26 
BSSS(R)C6 16.00 17.88 
BSSS(R)C8 19.67 17.35 
BSSS(R)C10 16.03 16.68 
BSSSCO self 15.99 15.13 
BSSS(in)C2 self 15.51 17.55 
BSSS(Hr)C4 self 18.37 19.97 
BSSS(HT)C6 self 24.20 22.38 
BS13C0 self 26.57 23.59 
BS13(S)C2 self 15.09 20.19 
BS13(S)C4self 19.41 18.48 
BSSS(R)C2 self 15.17 15.09 
BSSS(R)C4 self 16.41 14.98 
BSSS(R)C6 self 14.42 14.79 
BSSS(R)C8 self 16.89 14.53 
BSSS(R)C10 self 12.87 14.19 
BSSSCO 17.87 18.56 
BSSS(Err)C4 x BSSSCO 20.36 20.98 
BS13CO X BSSSCO 23.18 22.79 
BS13(S)C4 X BSSSCO 18.52 14.31 
BSSS(R)C4 X BSSSCO 20.39 18.56 
BSSS(R)C8X BSSSCO 20.81 18.56 
BSSS(R)C10 X BSSSCO 18.33 18.56 
BSSS(R)C4 X BSSS(HT)C4 23.10 20.98 
BSSS(R)C6xBS13CO 21.20 22.79 
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Tables, (continued) 
Populations and crosses Observed Predicted 
— % 
BSSS(R)C10 X BS13(S)C4 19.56 19.55 
BSSSCOxBSCBlCO 16.79 15.69 
BSSS(R)C6 X BSCB1(R)C6 16.62 15.69 
BS13COxBSCBl(R)C6 21.40 21.40 
BSSS(R)C10 X BSCB1(R)C10 13.66 15.69 
BS13(S)C4 X BSCB1(R)C10 16.66 16.66 
BSSSCOxMol? 11.45 9.55 
BSSS(R)C6xMo 17 7.06 9.55 
BSSS(R)C10xMol7 9.20 9.55 
BS13COxMol7 14.73 13.79 
BS13(S)C4xMol7 11.72 11.72 
BSSS(R)C10 16.49 16.68 
BS13(S)C4 19.56 16.80 
BSSS(R)C9 X BS13(S)C3 Syn-3 16.93 
B84xMol7 14.71 
B73xMol7 12.33 
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Table 4. Observed and predicted percentage of stalk lod^g means of populations per se, 
per se selfed, and population crosses in ten environments 
Populations and crosses 
BSSSCO 
BSSS(HT)C2 
BSSS(HT)C4 
BSSS(HT)C6 
BS13CO 
BS13(S)C2 
BS13(S)C4 
BSSS(R)C2 
BSSS(R)C4 
BSSS(R)C6 
BSSS(R)C8 
BSSS(R)C10 
BSSSCO self 
BSSSCHT)C2 self 
BSSS(mOC4 self 
BSSS(HT)C6 self 
BS13CO self 
BS13(S)C2 self 
BS13(S)C4 self 
BSSS(R)C2 self 
BSSS(R)C4 self 
BSSS(R)C6 self 
BSSS(R)C8 self 
BSSS(R)CIO self 
BSSSCO 
BSSS(HT)C4 X BSSSCO 
BS13COX BSSSCO 
BS13(S)C4x BSSSCO 
BSSS(R)C4 X BSSSCO 
BSSS(R)C8 X BSSSCO 
BSSS(R)C10x BSSSCO 
BSSS(R)C4 X BSSS(Brr)C4 
BSSS(R)C6 X BS13C0 
BSSS(R)C10 X BS13(S)C4 
Observed Predicted 
% 
31.01 30.41 
27.20 28.40 
33.08 26.40 
25.80 24.39 
18.66 23.39 
32.11 27.55 
29.98 29.31 
33.30 27.44 
22.37 24.47 
20.28 21.50 
16.41 18.54 
16.58 15.57 
24.63 26.26 
24.73 24.25 
22.58 22.25 
19.22 20.24 
19.12 19.24 
26.68 24.00 
28.97 27.57 
24.67 24.77 
25.43 23.29 
20.21 21.81 
17.15 20.32 
19.45 18.84 
30.26 30.41 
27.77 28.40 
22.31 26.90 
29.97 32.26 
27.08 27.44 
23.13 24.47 
21.94 22.99 
27.72 25.43 
22.19 22.45 
21.02 24.84 
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Table 4. (continued) 
Populations and crosses Observed Predicted 
BSSSCOxBSCBlCO 32.86 32.71 
BSSS(R)C6 X BSCB1(R)C6 23.12 23.50 
BS13COxBSCBl(R)C6 26.48 26.48 
BSSS(R)C10 X BSCB1(R)C10 17.59 17.36 
BS13(S)C4 X BSCB1(R)C10 21.52 21.52 
BSSSCOxMol7 23.81 21.69 
BSSS(R)C6xMol7 19.82 17.24 
BSSS(R)C10xMo 17 11.95 14.27 
BS13COxMol7 15.69 18.18 
BSl3(S)C4xMol7 23.67 23.55 
BSSS(R)C10 20.74 15.57 
BS13(S)C4 26.33 29.32 
BSSS(R)C9 X BS13(S)C3 Syn-3 24.65 
B84xMol7 16.78 
B73xMol7 15.31 
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Table 5. Observed and predicted percentage of dropped ears means of populations per se, 
per se selfed, and population crosses in ten environments 
Populations and crosses Observed Predicted 
% 
BSSSCO 0.27 0.45 
BSSS(HT)C2 0.42 0.45 
BSSS(HT)C4 0.39 0.45 
BSSS(HT)C6 0.20 0.45 
BS13C0 0.47 0.45 
BS13(S)C2 0.28 0.32 
BS13(S)C4 0.20 0.19 
BSSS(R)C2 0.40 0.47 
BSSS(R)C4 0.71 0.47 
BSSS(R)C6 0.61 0.44 
BSSS(R)C8 0.40 0.39 
BSSS(R)C10 0.20 0.30 
BSSSCO self 0.64 0.45 
BSSS(HT)C2self 0.41 0.45 
BSSS(HT)C4 self 0.35 0.45 
BSSS(HT)C6 self 0.28 0.45 
BSlSCOself 0.57 0.45 
BS13(S)C2 self 0.27 0.38 
BS13(S)C4 self 0.49 0.32 
BSSS(R)C2 self 0.47 0.41 
BSSS(R)C4 self 0.41 0.36 
BSSS(R)C6 self 0.38 0.30 
BSSS(R)C8 self 0.20 0.22 
BSSS(R)C10 self 0.06 0.13 
BSSSCO 0.47 0.45 
BSSS(HT)C4 X BSSSCO. 0.50 0.45 
BS13COX BSSSCO 0.66 0.45 
BS13(S)C4 X BSSSCO 0.28 0.32 
BSSS(R)C4x BSSSCO 0.39 0.49 
BSSS(R)C8 X BSSSCO 0.34 0.53 
BSSS(R)C10 X BSSSCO 0.60 0.55 
BSSS(R)C4 X BSSS(Hr)C4 0.41 0.42 
Tables, (continued) 
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Populations and crosses Observed Predicted 
% 
BSSS(R)C6 X BS13CO 0.32 0.32 
BSSS(R)C10 X BS13(S)C4 0.20 0.20 
BSSSCOxBSCBlCO 0.52 0.46 
BSSS(R)C6 X BSCB1(R)C6 0.53 0.46 
BS13COxBSCBl(R)C6 0.20 0.22 
BSSS(R)C10 X BSCB1(R)C10 0.33 0.46 
BS13(S)C4 X BSCB1(R)C10 0.26 0.22 
BSSSCOxMol7 1.14 1.09 
BSSS(R)C6xMol7 1.18 1.15 
BSSS(R)C10xMo 17 1.11 1.20 
BS13COxMol7 0.91 0.75 
BS13(S)C4xMol7 0.46 0.62 
BSSS(R)C10 0.33 0.30 
BS13(S)C4 0.26 0.19 
BSSS(R)C9 X BS13(S)C3 Syn-3 0.14 
B84xMol7 0.66 
B73xMol7 0.94 
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Table 6. Observed gr  ^yields and predicted grain yields after a theoretical correction for 
genetic drift in BSSSCO and in populations after recurrent selection 
Populations 
Observed 
yield 
l^eld adjusted 
for genetic drift 
BSSSCO 3.99 
—Mg ha-1 
3.93 
BSSS(R)C6 5.27** 6.06 
BSSS(R)C10 5.27** 7.49 
Bsss(irr)C7 5.27** 6.34 
BS13(S)C4 5.32** 7.24 
••Significantly different ft^om BSSSCO at the 0.01 level. 
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show that seven cycles of the HT method were slightly superior to six cycles of the RRS 
method. The BS13(S)C4 yield was slightly greater than BSSS(R)C10, but this relationship 
was reversed after a theoretical correction for genetic drift, derived by deleting tiie DQI term 
fiom the genetic expectation. The effect of the inbreeding depression associated with small 
population size is evident when comparing actual yields to yields adjusted for genetic drift 
The estimates of genetic parameters for all traits are for a reduced model in which aU 
least squares estimates of parameters in the fuU model widi an F value less than 1 were 
deleted (Tables 7 and 8). The reduced model was necessary due to the multi-colinearity of 
genetic parameters and the difficulties of estimation inherent in such a model 
The DOI estimate for grain yield showed a large effect due to dominance gene action 
for this trait. In contrast, the DOI term far percentage of grain moisture and percentage of 
dropped ears was nonsignificant and these terms were removed fiom the model. The DOI 
term for percentage of root and stalk lodging was small relative to the respective AOI terms, 
indicating that dominance effects were of smaller magnitude for these traits compared to 
additive effects (Table 7). 
Changes in frequencies of alleles with additive effects for grain yield due to selection 
(AU) were of greater magnitude in the BSSS(HT) and BS13(S) programs than in the 
BSSS(R) program. In contrast, changes in frequencies of alleles with dominance effects for 
grain yield over cycles due to selection (DU) were more important in the BSSS(R) 
population when compared to the BSSS(HT) and BS13(S) populations (Table 7). 
The S and RRS methods were effective in decreasing percentage of grain moisture, 
while the HT method increased grain moisture (Table 7). RRS did not significantly change 
percentage of root lodging, and the estimates of the AU and DU terms were not significant 
Percentage of root lodging was significantly increased in the HT program as can be seen by 
the large AU term. The significant negative DU term for S program shows that S2 per se 
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Table 7. Estimates of genetic parametas of Smith (1983) model for 6ve traits derived from 
populations per se, populations per se selfed, and population crosses 
Populations and Genetic Grain Lodging Dropped 
crosses parameter ears 
Yield Moisture Root Stalk 
BSSS AOI 0.527 26.818** 11.697** 22.106** 0.446** 
BSSS DOT 1.702** 3.432** 4.150** — 
BSSSCR) AU 0.047 0.058 -0.024 
BSSS(R) DU 0.131** -0.181** -0.742** 0.035 
BSSS(R) DQI -0.012** 0.010** -0.009 — -0.002 
BSSS(HT) AU 0.090** 0.127** 0.605** -0.501** _ 
BSSS(HT) DU 0.082* — — — 
BSSS(HT) DQI -0.013** — — — _ 
BS13(S) AU 0.113** -0.300** — 1.341** 
BS13(S) DU — — -2.121** — -0.031 
BS13(S) DQI -0.019 — 0.211 -0.150 — 
BSSS(R) X BSSSCHT) HQI'I — — — — -0.002 
BSSS(R) X BSCB1(R) HQFI — -0.023 — — 
BSSS(R) X BS13(S) HQn — 0.012 0.066 — — 
BSSSCOxBSCBlCO BOb 5.115** 23.690** 15.692** 32.708** 0.461** 
BSSS(R)xBSCBl(R) Bic 0.217** 0.546* -1.534** — 
BS13(S) X BSCB1(R) B2d 0.140 -.398* -1.185 -1.241 — 
BSSS(HT)xBSCBl(R) B3e 0.254** 0.232* 0.815* -0.890 -0.033 
BSSSCOxMol7 BOf 6.547** 24.850** 9.552** 21.692** 1.092** 
BSSS(R) X Mo 17 DLIT — 0.141** — — — 
BSSSCHT) X Mo 17 DLIÏ — — — — -0.025 
BS13(S)xMol7 DLIT — 0.803 — — 
Parameter deleted from model when F value less than 1 to increase precision of 
remaining parameter estimates. 
^BSSSCO X BSCBICO population cross mean. 
(^Slope of BSSS(R) x BSCB1(R) population cross over cycles of improvement 
(^Slope of BS13(S) x BSCB1(R) population cross over cycles of improvement 
®Slope of BSSS(HT) x BSCB1(R) peculation cross over cycles of improvement 
%SSSCO X Mo 17 population cross mean. 
•Significant at 0.05 level. 
••Significant at 0.01 leveL 
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Table 8. Standard errors (S JE.) estimates of genetic parameters of Smith (1983) model for 
five traits for populations per se, populations per se selfed, and population crosses 
Populations Genetic Grain Lodging 
and crosses parameter S.E. for S.E. for S.E. for S.E. for S.E. for 
yield moisture root stalk dropped ears 
BSSS AOI 0.279 0.180 1.556 1.870 0.050 
BSSS DOI 0.159 — 0.853 1.038 — 
BSSS(R) AU 0.024 0.036 — 
— 0.015 
BSSS(R) DU 0.029 0.046 — .099 0.020 
BSSS(R) DQI 0.001 0.004 0.008 — 0.001 
BSSS(HT) AU 0.029 0.021 0.091 0.123 — 
BSSS(HT) DU 0.034 
— — — — 
BSSS(HT) DQI 0.003 — — — — 
BS13(S) AU 0.032 0.040 — 0.388 — 
BS13(S) DU — — 0.554 — 0.016 
BS13(S) DQI 0.011 — 0.142 0.115 — 
BSSS(R) X BSSSOTT) HQI'I — — — — 0.002 
BSSS(R) X BSCB1(R) HQH — 0.012 — 
— 
— 
BSSS(R) X BS13(S) HQIl — 0.007 0.039 — — 
BSSSCO X BSCBICO BO 0.200 0.463 1.35 2.689 0.119 
BSSS(R) X BSCB1(R) B1 0.030 0.240 — 0.399 — 
BS13(S) X BSCB1(R) B2 0.075 0.164 0.825 1.005 — 
BSSS(HT) X BSCB1(R) B3 0.041 0.094 0.385 0.559 0.027 
BSSSCO xMo.l7 BO 0.117 0.274 1.177 1.392 0.138 
BSSS(R)xMol7 DLI'I — 0.030 — — — 
BSSS(Iir)xMol7 DLI'I — — — — 0.014 
BS13(S)xMol7 DLI'I — — 0.422 — — 
recurrent selection has significantly reversed the increase in percentage of root lodging which 
occurred in the HT program (Table 7).show tba:t seven cycles of the HT method were 
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slightly superior to six cycles of the RRS method. TheBS13(S)C4yield was slightly 
greater than BSSS(R)C10, but this relationship Percentage of stalk lodging with the S 
method increased while it decreased with the RRS and HT methods. This was reflected in 
the positive estimate of the AH term forBS13(S), n^ative estimate of DLI term for 
BSSS(R), and the negative estimate of ALI term for BSSS(HT) (Table 7). 
The percentage of dropped ears decreased over cycles for the BS13(S) population, as 
evidenced by the negative DU term. Percentage of dropped ears increased slightly in the 
BSSS(R) population because 2(ALI + DLI) equals 0.22 (Table 7). 
The effects of genetic drift over cycles for grain yield were the same in BSSS(R) and 
BSSS(EîT), and both estimates of DQI terms were highly significant. The DQI term for 
grain yield for the S program was smaller than the magnitude of the DQI term for RRS and 
HT methods (Table 7). Selected S2 lines were recombined to form the improved 
populations in the first two cycles of the BS13(S) program. 51 lines, however, were 
recombined in all other populations and for aU the other methods evaluated except the C7 of 
RRS, where S2 lines were recombined. BS13(S) was recombined using S2 lines for two 
cycles, while RRS was recombined using S2 lines for only one cycle, and BSSS(HT) was 
recombined using only SI lines. 
The observed BSSS(R)C6 x BSQB1(R)C6 population cross grain yield was 6.38 
Mg ha-1 and the BSSS(HT)C7 x BSCB1(R)C6 population cross grain yield was 6.89 Mg 
ha-l (Table 1). Seven cycles of the HT method of population improvement was more 
effective flian six cycles of RRS, when the improved populations were evaluated in crosses 
to the BSCB1(R)C6 population. The observed BSSS(R)C10 x BSCB1(R)C10 population 
cross grain yield was 7.30 Mg ha*  ^and the BS13(S)C4 x BSCB1(R)C10 population cross 
grain yield was 7.45 Mg ha"l. Seven cycles of the HT selection method in conjunction with 
four cycles of the S selection method were also more effective than 10 cycles of the RRS 
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method for the improved populations evaluated in crosses to the BSCB1(R)C10 population. 
Hie change in the BSSS(R)CN x BSCB1(R)CN population cross for grain yield, on a per 
cycle basis (Bl), was 0.217 Mg ha* .^ The change in the BS13(S)CN x BSCB1(R)CN 
population cross for grain yield, on a per cycle basis (B2), was 0.140 Mg ha" .^ The change 
in the BSSS(HT)CN x BSCB1(R)CN population cross for grain yield, on a per cycle basis 
(B3), was 0-254 Mg ha-1 (Table 7). 
Percentage of grain moisture at harvest increased, on a per cycle basis, using the 
RRS and HI methods, when the improved populations were crossed to BSCB1(RX]N. Bl 
is 0346 and B3 is 0.232 for percentage of grain moisture change on a per cycle basis for the 
RRS and HT methods, respectively (Table 7). The B2 term for Ms trait is -0.398 which 
suggests that the S method decreased percentage of grain moisture on a per cycle basis for 
the improved population crossed to the BSCB1(R)CN population. The S method of 
selection decreased percentage of root lodging and the HT method increased percentage of 
root lodging, on a per cycle basis, when the improved populations were crossed to the 
BSCB1(R)CN population. The B2 estimate is -1.185 and the B3 estimate is 0.815 for the 
percentage of root lodging per cycle for the S and HT methods, respectively (Table 7). The 
RRS, HT, and S methods decreased percentage of stalk lodging when the improved 
populations were crossed to the BSCB1(R)CN population- The Bl term estimate was 
—1.534, the B2 term estimate was -1.241, and the B3 term estimate was -0.890 for the 
RRS, S, and HT methods, respectively, for percentage of stalk lodging (Table 7). 
The Dili terms for grain yield were nonsignificant using the inbred line Mo 17 as 
the tester (Table 7)- The nonsignificance of the DLTI terms suggests that the improvement 
in the BSSS(R)CN, BSSS(HT)CN, and BS13(S)CN population crosses to Mo 17 parallel 
the respective population per se improvements. 
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The HQn tenn for grain yield were all nonsignificant (Table 7). The small 
magnitude of these terms indicates a lack of significant heterosis for grain yield among these 
populations. 
Linear combinations of least squares estimates of genetic parameters for grain yield 
are listed in Table 9. The direct effects of selection for the BSSSCHT) per se and BS 13(S) 
per se population improvement programs were estimated by 2(ALI+DLI). The 2(ALI+DLI) 
term estimated the indirect effects of selection for the improvement in the BSSS(R) 
population evaluated per se. The difference in the progress, due to selection, between the 
BSSS(R) and BSSS(HT) population per se performance for grain yield was 0.012 Mg ha'^  
per cycle and was nonsignificant The difference in population per se improvement, between 
BSSS(R) and BS13(S) populations for grain yield was 0.131 Mg ha" ,^ due to the effects of 
selection on a per cycle basis and was nonsignificant The difference in population per se 
improvement, between the HT and S methods for grain yield was 0.119 Mg ha'l per cycle 
and was nonsignificant (Table 9). 
The difference in the DQI estimate for grain yield between the BSSS(R) and BS13(S) 
populations was 0.014 Mg ha'^  per cycle and was nonsignificant The difference in the DQI 
term between the HT and S methods was 0.010 Mg ha"l per cycle and was nonsignificant 
(Table 9). 
Smith (1979) reanalyzed data from a study conducted by Eberhart et al (1973). The 
populations evaluated were BSSS(R), BSCB1(R), and BSSS(HT) over five cycles of 
improvement He found that after a theoretical correction for inbreeding depression, the 
direct and indirect effects of selection were similar in the RRS program. This indirect effect 
of selection measured as population per se improvement was small in the original analysis 
used by Eberhart et al (1973). Reanalyzing the same data with a correction for inbreeding 
depression resulted in larger gains per cycle when the BSSS(R) and BSCB 1(R) populations 
Table 9. Least squares estimates of linear combinations of genetic parameters for grain yield (Mg ha"^) from use of the Smith 
(1983) model 
Explanation of linear combination Linear combination of genetic parameters Estimate of combination 
BSSS(R) population per se gain/cycle 2[ALI(R) + DLI(R)1 0.356** 
BSSS(HT) population per se gain/cycle 2[ALI(HT) + DLI(HT)] 0.344** 
BS13(S) population per se gain/cycle 2[ALI(S)] 0.226** 
BSSS(R) minus BSSS(HT) per se gain/cycle 2[ALI(R) + DLI(R) - ALI(HT) - DLI(HT)1 0.012 
BSSS(R) minus BS13(S) per se gain/cycle 2[ALI(R) + DLI(R)-ALI(S)] 0.131 
BSSS(HT) minus BS13(S) per se gain/cycle 2[ALI(HT) + DLI(HT) - ALI(S)] 0.119 
BSSS(R) minus BS13(S) genetic drift/cycle 2[DQI(R)-DQI(S)] 0.014 
BSSS(HT) minus BS13(S) genetic drift/cycle 2[PQI(HT)-DQI(S)] 0.010 
•"•Significant at 0.01 level. 
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were evaluated as populations per se. A comparison of the BSSS(R) population with the 
BSSSÇEîT) population, when both methods were evaluated as populations per se, showed 
the BSSS(R) had a greater gain in grain yield due to the effects of selection relative to 
BSSS(HT). The BSSS(R) population also showed more inbreeding depression compared to 
the BSSS(HT) population, even though the effective population sizes were flie same for both 
methods. The effects of inbreeding in the BSSS(R) population were more than twice that of 
the BSSS(HT) populations for grain yield. 
The evidence firom this study suggests that RRS was not more effective for 
increasing grain yield than either HT or the combined effects of HT and S when the 
appropriate improved Iowa Stiff Stalk Synthetic population was crossed to BSCB1(R)CN. 
For each of the three population improvement methods evaluated, the inqprovement in the 
population per se performance for grain yield paralleled the improved population crossed to 
inbred line Mo 17. The increase in percentage of root lodging using the HT method and the 
subsequent decrease using the S method suggests a possible problem when an unrelated 
tester is used to improve a population using intrapopulation half-sib method and also 
suggests that the S method may be a very effective procedure for reducing percentage of root 
lodging. However, the S method was the only method where percentage of stalk lodging 
increased. 
The lack of significant differences between methods for increasing grain yield for the 
population per se and also for the improved populations crossed to inbred line Mo 17, 
suggests that the best method should be based on other criteria than rate of response to 
selection. The relative ease in making selfed families and HT families, compared to the labor 
intensive process of forming RRS families, suggests that the S and HT methods would be 
the preferred choices. If RRS is continued and later compared to the combined effects of the 
HT and S methods, the theoretical advantage of RRS in the cross to BSCB1(R)CN could be 
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realized after further cycles of selection. After perhaps 20 or 30 cycles of improvement, the 
additive genetic variance may be exhausted in both the BSSS(R) and BS13(S) populations. 
In theory, RRS could then eq)loit the epistatic and dominance effects between BSSS(R)CN 
and BSCB 1(R)CN, while the S method would not select for specific combining ability 
between the BS13(S)CN x BSCB1(R)CN population cross. It will require additional cycles 
of selection before the effectiveness of RRS relative to the combined effects of HT and S can 
be thoroughly evaluated. This study suggests that either the HT or S methods may be 
preferred to RRS if only 10 cycles of improvement are desired, due to the relative ease in 
making families in the field. The population per se as half-sib tester might be superior to the 
double-cross hybrid Iowa 13, if the half-sib method is used, because Iowa 13 may have 
masked favorable alleles for root lodging resistance in the BSSS(HT) peculation. The use 
of the population per se as tester would reduce this difficulty. 
Grain yield increased fix>m 3.99 Mg ha'^  to 5.27 Mg ha"  ^firom the* BSSSCO to the 
BSSS(R)C6 and also from the BSSSCO to the BSSS(HT)C7 when the populations were 
evaluated per se (Table 6). No increase from the BSSS(R)C6 to the BSSS(R)C10 and the 
0.05 Mg ha'l increase from the BSSS(HT)C7 to the BS13(S)C4 suggest thatrecombining 
10 SI progenies was adequate for the first six or seven cycles of selection. If the goals of 
the recurrent selection program are long term (i.e., greater than seven cycles) the inbreeding 
depression associated with small population size is cumulative and suggests that more SI 
progenies (i.e., 20 to 30) be recombined. The procedure of recombining 10 selected Sis 
results in greater selection intensity and response to selection relative to recombining 20 
selected SI progenies. Recombining 10 SI progenies results in increased genetic drift 
relative to recombining 20 SI progenies. Because inbreeding depression is cumulative over 
cycles, the impact of recombining 10 S1 progenies was not as evident in early cycles relative 
to later cycles. For long-term selection programs, recombining more than 10 selected SI 
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progenies would be expected to reduce inbreeding depression and result in greater total 
response to selection after the combined effects of selection and genetic drift are considered. 
Smith (1983) evaluated the BSSS(HT), BSSS(R), and BSCB1(R) populations after 
eight cycles of improvement He reported that the populations evaluated for grain yield per 
se and selfed were not significantly improved for the first four cycles of selection. In 4 to 7 
cycles there was significant improvement in the BSSS(R) and BSSS(HT) populations but 
not in the BSCB1(R) population. He also reported that the indirect effects of selection were 
greater than die direct effects, for cycles 4 to 8 of Ûie populations improved using RRS. 
Changing from hand harvesting to machine harvesting and from crossing SO plants to 
crossing SI plants to the tester were attributed to causing the significant difference between 
rates of gain for the first four cycles versus rates of gain for the last four cycles for grain 
yield. He also found that inbreeding depression due to small population size was significant 
for all methods. For the BSSS(HT) population, the inbreeding depression per cycle was 
significantly smaller flian that of the RRS program. 
Condusions 
Iowa 13 is a double-cross hybrid that was used as the tester for the improvement of the Iowa 
Stiff Stalk SynAetic (BSSS) maize (Zea mavs L.) population. The population improved by 
this intrapopulation half-sib method was labeled BSSS(HT) and the program will be referred 
to as HT. After seven cycles of HT selection were completed, the BSSS(HT)C7 was 
relabeled the BS13(S)C0 population. BS13(S)CO was then improved using S2 per se 
recurrent selection rather than the previous HT method and will be referred to as the S 
method. The population improved by the S method was labeled BS13(S)CN. Reciprocal 
recurrent selection (RRS) was conducted between the Iowa Stiff Stalk Synthetic, 
[BSSS(R)], and the Iowa Com Borer Synthetic #1 [BSCB1(R)]. 
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The model used to estimate genetic parameters was described by Smith (1983). 
Using the Smith model, the effects due to homozygous and heterozygous loci can be 
sqjarated. The effects due to selection can be separated fiom the effects due to genetic drift, 
if the assumptions of the model are accepted. The objective of this study was to evaluate 
progress from the RRS, HT, and S recurrent selection programs in the Iowa Stiff Stalk 
Synthetic using the Smith model. 
The difference between the total indirect effects of selection using RRS and the total 
direct effects of selection for the HT method, measured on a per cycle basis, for the 
population per se grain yield improvement was nonsignificant The DQI terms, attributed to 
the effects of genetic drift, were identical for the RRS and HT methods for grain yield. The 
difference between the total indirect effect of selection using RRS and the total direct effect of 
selection using the S method, measured on a per cycle basis, for the population per se 
performance was nonsignificant for grain yield. The difference in DQI estimates for the 
RRS and S methods was nonsignificant for grain yield. The differences in total direct effects 
of selection on the population per se performance, when measured on a per cycle basis, 
between the HT and S methods also were nonsignificant for grain yield. Tlie differences 
between DQI terms for the HT and S methods were nonsignificant for grain yield. When the 
BSSS(R), BSSS(HT), and BS13(S) populations were crossed to the unrelated inbred line. 
Mo 17, the improvements in grain yield, due to the effects of selection, were parallel to the 
respective population per se improvements. 
The percentage of grain moisture at harvest decreased on a per cycle basis for the 
RRS and S methods but increased for the HT method when the populations were evaluated 
per se. The change in percentage of root lodging due to the effects of selection, on a per 
cycle basis, was not significant for the RRS method for the population evaluated per se. The 
change in this trait due to the effects of selection, on a per cycle basis, was significant and 
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positive for the HT method and significant and negative for the S method when the 
populations were evaluated per se. 
The change in percentage of stalk lodging due to the effects of selection, on a per 
cycle basis, was significant and positive for the S method and significant and negative for the 
RRS and HT methods when the population were evaluated per se. 
The percentage of dropped ears has decreased, on a per cycle basis, for the S method 
when the population was evaluated per se. Percentage of dropped ears has increased slightly 
for the RRS method, when the population per se is evaluated. There has been no significant 
change in this trait for the HI method, evaluated as population per se. 
Results from this study suggest that if the goals of a recurrent selection program are 
less than seven cycles, recombination of 10 SI progenies of 100 families evaluated may be 
an adequate effective population size. If the goals of the recurrent selection program are 
more than seven cycles, it could be that recombination of at least 20 selected lines of 100 
families evaluated would adequately reduce the adverse effects of genetic drift while 
maintaining satisfactory selection intensity. 
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GENERAL DISCUSSION AND CONCLUSIONS 
BSSS(R)C9 was improved using reciprocal recurrent selection (RRS). Genetic 
variance was estimated to have decreased for four of the five traits evaluated, relative to the 
unimproved population. BS13(S)C3 was improved for seven cycles using an intrapopula -
tion half-sib method (HT) and, subsequently, improved for three cycles using S2 per se (S) 
method. BS13(S)C3 estimates of genetic variance decreased for two traits and increased for 
three traits evaluated, relative to the unimproved population. The estimated decreased genetic 
variance for grain yield in BSSS(R)C9 was particularly large, relative to the unimproved 
population. In contrast, the estimated genetic variance of BS13(S)C3 for grain yield was 
veiy similar in magnitude to the genetic variance of the unimproved population. The effect 
of genetic drift due to small peculation size was expected to be similar for BSSS(R)C9 and 
BS13(S)C3. Effective population size was similar for these two populations. The effects of 
selection on grain yield seemed to be very similar for BSSS(R)C9 and BS13(S)C3. The 
genetic variance however, seems to have decreased in BSSS(R)C9, but not in BS13(S)C3. 
Because the effects of genetic drift and also the effects of selection were not significantly 
different between methods of selection, the decrease in genetic variance was expected to be 
similar in BSSS(R)C9 and BS13(S)C3. Lack of precision in estimating the genetic 
variances may account for the unejqpected results. Perhaps, evaluation of 100 52 progenies 
per population instead of 50 S2 progenies would have provided better genetic sampling and 
the necessary precision. 
Recurrent selection effectively increased the mean grain yield of a random set of S2 
progenies derived 6om all improved populations, relative to the unimpDved population. 
This result is of importance to ^ plied breeding programs which must produce inbred lines 
that are high yielding when evaluated per se. Estimates of genetic correlations were not 
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consistent in magnitude or sign among the populations evaluated. One explanation for the 
lack of consistent estimates of the genetic correlation between any two traits may be due to 
the possible effects of genetic drift on linkage relationships. 
Progress from recurrent selection was effective for grain yield for six cycles or RRS 
and seven cycles of HT. Further cycles did not increase population per se grain yield. The 
inbreeding depression associated with small effective population size may have negated the 
effects of selection, resulting in no net change in the last cycles. Because the effect of 
inbreeding is cumulative, the initial cycles of improvement were not affected by inbreeding 
depression to the extent to which the last cycles were affected. 
Use of the Smith (1983) model suggests that differences in the effects of genetic drift 
between the RRS, HT, and S methods were nonsignificant for grain yield. Differences 
between these population improvement methods due to the effect of selection on population 
per se performance were nonsignificant for grain yield. When the different recurrent 
selection methods were evaluated by crossing the improved populations to the unrelated 
inbred line Mo 17, there were no significant differences between methods for grain yield. 
When the improved populations were evaluated in crosses to the BSSS(R) reciprocal tester, 
BSCB1(R), the RRS method was not superior to either the HT or S methods for grain yield. 
The evidence firom evaluating nine cycles suggests that RRS has not been more effective than 
the combined progress of the HT and S methods, regardless of the method of evaluation of 
progress for increased grain yield. The relative ease in forming HT or S families for yield 
trial evaluation, relative to forming RRS families, suggests that RRS is not the preferred 
choice. 
The HT method increased percentage of root lodging significantly. The S method 
subsequently reversed this increase to a level comparable to the unimproved population. The 
RRS method did not significantly change percentage of root lodging. Perhaps, if the 
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population per se was used as the half-sib tester, the observed increase in percentage of root 
lodging using the half-sib method would not have occurred. Use of Iowa 13 as half-sib 
tester may have resulted in masking alleles favorable for root lodging resistance. 
The lack of population par se improvement for grain yield after six cycles of RRS 
and also after seven cycles of HT suggests that if the goals of a recurrent selection program 
are long term, it is necessary to recombine more than 10 selected SI progenies. If the goals 
of the program are seven or less cycles, then recombining 10 SI progenies may be adequate 
to reduce the inbreeding depression associated with genetic drift to a satisfactory level. As 
population size is increased, genetic drift is decreased, but the effectiveness of selection also 
is decreased. There must be a trade-off between reducing selection intensity and reducing 
inbreeding depression. If the goals of the recurrent selection program are more than seven 
cycles, recombining at least 20 selected lines out of 100 families evaluated, migjit adequately 
An alternative to reducing selection intensity to maintain adequate population size, would be 
to add unrelated elite germplasm to the population every few cycles, in order to regain allelic 
forms which had been lost due to genetic drift. 
89 
GENERAL REFERENCES 
Baker, L. H. and R. N. Cumow. 1969. Choice of population size and use of variation 
between replicate populations in plant bteedmg selection programs. Crop ScL 9:555-
560. 
Bartual, R. and A. R. Hallauer. 1976. Variability among unselected maize inbred lines 
developed by full-sibbing. Maydica 21:49-60. 
Bell, A. E. and C. EL Moore. 1972. Reciprocal recurrent selection for pupal weight in 
Tribolium in comparison with conventional methods. Egypt. J. Gen. and Cytol. 
1:92-119. 
Bell, A. E., C. H. Moore, and D. C. Warren. 1955. The evaluation of new methods for the 
improvement of quantitative characteristics. Cold Spring Harbor Symp. Quant Biol. 
20:197-212. 
Bell, A. E., C. EL Moore, andD. C. Warren. 1957. Genetic changes in closed populations 
of Dmsophila melanogaster under continuous selection. Abstract Genetics 42:360. 
Brown, A. H. D. and R. W. Allard. 1971. Effects of reciprocal recurrent selection for yield 
on isozyme polymorphisms in maize fZea mays L.). Crop ScL 11:888-893. 
Burton, J. W., L. H. Penny, A. R. Hallauer, and S. A. Eberhart 1971. Evaluation of 
synthetic populations developed from a maize variety (BSK) by two methods of 
recurrent selection. Crop ScL 11:361-365. 
Carangal, V. R., S. M. Ali, A. F. Koble, E. H. Rinke, and J. C. Sentz. 1971. 
Comparison of SI with testcross evaluation for recurrent selection in maize. Crop 
ScL 11:658-661. 
Choo, T. M. and L. W. Kaimenberg. 1979. Relative efficiencies of population . 
improvement methods in com: A simulation study. Crop ScL 19:179-185. 
Clayton, G. A., G. R. Knight, J. A. Morris, and A. Robertson. 1957. An experimental 
check on quantitative genetical theory, m. Correlated responses. J. Gen. 55:171-
180. 
Cockerham, C. C. 1963. Estimation of genetic variances, p. 53-94. In W. D. Hanson and 
EL F. Robinson 1 (eds.) Statistical genetics and plant breeding. Nat Acad. Sci. Nat 
Res. Counc. PubL 982. 
Compton, W. A., J. EL Lormquist, and C. O. Gardner. 1964. Predicted response to 
recurrent selection with intra- and inter-varietal testers in com. Crop ScL 4:146-148. 
Comstock, R. E. 1964. Selection procedures in com improvement Proc. Annu. Hybrid 
Com Ind. Res. Conf. 19:87-94. 
90 
Comstock, R. E.and H. F. Robinson. 1956. Findings relative to reciprocal recurrent 
selection. Proc. of the Lit Gen. Symposia 1956:461-464. 
Cress, C. E. 1966. A comparison of recurrent selection systems. Genetics 54:1371-1379. 
Cress, C. E. 1967. Reciprocal resurrent selection and modifications in simulated 
populations. Crop Sci. 7:561-567. 
Crow, J. F. 1948. Alternative hypotheses of hybrid vigor. Genetics 33:477-487. 
Crump, S. L. 1951. The present status of variance component analysis. Biometrics 7:1-
16. 
Darrah, L. L., S. A. Eberhart, and L. H. Penny. 1978. Six years of maize selection in 
"Kitale Synthetic IE', "Ecuador 573', and "Kitale Composite A' using methods of the 
comprehensive breeding systems. Euphytica 27:191-204-. 
Dickerson, G. E. 1963. Biological interpretation of the genetic parameters of populations, 
p. 95-107. ia W. D. B^son and H. F. Robinson (eds.) Statistical genetics and 
plant breeding. Nat Acad. Sci. Nat Res. Counc. Publ. 982. 
Douglas, A. G., J. W. Collier, M. F. El-Ebrosky, and J. S. Rogers. 1961. An evaluation 
of three cycles of reciprocal recurrent selection in a com improvement program. 
Crop Sci. 1:157-162. 
Draper, N. R. and H. Smith. 1966. Applied regression analysis. John Wiley and Sons, 
Inc., New York. 
Dudley, J. W. 1977. Seventy-six generations of selection for oil and protein percentage in 
maize, p. 459-473. In E. OPoUak, O. Kempthome, and T. B. Bailey (eds.) Proc. 
Int Corrf. Quant Genet Iowa State University Press, Ames, Iowa. 
Dudley, J. W. andR. J. Lambert 1969. Genetic variability after 65 generations of 
selection in Illinois high oil, low oil, high protein, and low protein strains of Zea 
mays L. Crop Sci. 9:179-181. 
Dudley, J. W. andR. H. Moll. 1969. Interpretation and use of estimates of heritability and 
genetic variances in plant breeding. Crop Sci. 9:257-262. 
Eberhart, S. A. 1964. Least squares method for comparing progress among recurrent 
selection methods. Crop Sci. 4:230-231. 
Eberhart, S. A. and C. O. Gardner. 1966. A general model for genetic effects. Biometrics 
22:865-881. 
Eberhart, S. A., M. N. Harrison, and F. Ogada. 1967. A comprehensive breeding system. 
Zuchter 37:169-174. 
91 
Eberhart, S. A., S. Debela, and A. R. Hallauer. 1973. Reciprocal recurrent selection in 
BSSS and BSCBl maize populations and half-sib selection in BSSS. Crop. Sci. 
13:451-456. 
Eisen, E. J., J. P. Hanrahan, and J. E. Legates. 1973. Effects of population size and 
selection intensity on correlated responses to selection for postweaning gain in mice. 
Genetics 74:157-170. 
Empig, L. T., C. O. Gardner, and "W. A. Compton. 1972. Theoretical gains for different 
population improvement procedures. Neb. Agric. Exp. Stn. Misc. Publ. 26 
(Revised). 
Falconer, D. S. 1960. Litroduction to quantitative genetics. The Ronald Press Company, 
New York. 
Freund, J. E. and R. E. Walpole. 1980. Mathematical statistics. 3rd ed. Prentice-Hall, 
Inc., Englewood ClMs, New Jersey. 
Gardner, C. O. 1963. Estimates of genetic parameters in cross-fertilizing plants and their 
implications in plant breeding, p. 225-252. M W. D. Hanson and H. F. Robinson 
(e<k.) Genetic statistics and plant breeding. Nat Acad. Sci. Nat Res. Counc. Publ. 
982. 
Gardner, C. O. and S. A. Eberhart 1966. Analysis and interpretation of the variety cross 
diallel and related populations. Biometrics 22:439-451. 
Gardner, C. O. and J. H. Lonnquist 1959. Linkage and the degree of dominance of genes 
controlling quantitative characters in maize. Agron. J. 51:524-528. 
Gardner, C. O. and J. BL Lonnquist 1966. Statistical genetic theory and procedures useful 
in studying varieties and intervarietal crosses in maize. CIMMYT Res. BulL No. 2. 
Center, C. F. and M. W. Alexander. 1962. Comparative performance of SI progenies and 
testcrosses of com. Crop Sci. 2:516-519. 
Center, C. F. and M. W. Alexander. 1966. Development and selection of productive SI 
inbred lines of com fZea mays L.). Crop Sci. 6:429-431. 
Gevers, H.O. 1975. Three cycles of reciprocal recurrent selection in maize under two 
systems of parent selection. Agroplante 7:107-108. 
Gill, J. L. 1965a. Effects of finite size on selection advance in simulated genetic 
populations. Aust J. Biol. Sci. 18:599-617. 
GiU, J. L. 1965b. A Monte Carlo evaluation of predicted selection response. Aust J. Biol. 
Sci. 18:999-1007. 
92 
Coulas, C. K. and J. H. LonnquisL 1977. Comparison of combined half-sib and SI 
family selection with h^-sib, SI, and selection index procedures in maize. Crop 
Sci. 17:754-757. 
Grady, K. A. 1980. Evaluation of SI lines from original and advanced populations of two 
maize varieties to determine the effects of reciprocal recurrent selection. Uiq)ublished 
M.S. thesis. Iowa State Univ., Ames, Iowa. 
Hallauer, A. R. 1970. Genetic variability for yield after four cycles of reciprocal recurrent 
selections in maize. Crop ScL 10:482-485. 
Hallauer, A. R. 1975. Relation of gene action and type of tester in maîTie. breeding 
procedures. Proc. Annu. Hybrid Com Ind. Res. Conf. 30:150-165. 
Hallauer, A. R. 1984. Reciprocal full-sib selection in maize. Crop ScL 24:755-759. 
Hallauer, A. R. and S. A. Eberhart. 1970. Reciprocal fuH-sib selection. Crop Sci. 10:315-
316. 
Hallauer, A. R. and J. B. Miranda, Fo. 1984. Quantitative genetics in maize breeding. 
Iowa State University Press, Ames, Iowa. 
Hammond, J. J. and C. O. Gardner. 1974. Modification of the variety cross diaHel model 
for evaluating cycles of selection. Crop ScL 14:6-8. 
Hanrahan, J. P., E. J. Eisen, and J. E. Legates. 1973. Effects of population size and 
selection intensity on short-term response to selection for postweaning gain in mice. 
Genetics 73:513-530. 
Harris, R. E., C. O. Gardner, and W. A. Compton. 1972. Effects of mass selection and 
irradiation in com measured by random SI lines and their testcrosses. Crop Sci. 
12:594-598. 
Hill, W. G. 1969. The rate of selection for nonadditive locL GeneL Res. 13:165-173. 
Hoegemeyer, T. C. and A. R. Hallauer. 1976. Selection among and within full-sib families 
to develop single crosses of maize. Crop Sci. 16:76-81. 
Homer, E. S., W. H. Chapman, M. C. Lutrick, and H. W. Lundy. 1969. Comparison of 
selection based on yield of topcross progenies and of S2 progenies in maize rZea 
mavs L.). Crop ScL 9:539-543. 
Homer, E. S., H. W. Lundy, M. C, Lutrick, and R. W. Wallace. 1963. Relative 
effectiveness of recurrent selection for specific combining ability in com. Crop Sci. 
3:63-66. 
Homer, E. S., H. W. Lundy, M. C. Lutrick, and W. H. Chapman. 1973. Comparison of 
three methods of recurrent selection in maize. Crop ScL 13:485-489. 
93 
Homer, E. S., M. C. Lutrick, W. EL Chapman, and F. G. Martin. 1976. Effect of 
recurrent selection for combining ability with a single cross tester in maize. Crop 
ScL 16:5-8. 
Hull, F. H. 1945. Recurrent selection for specific combining ability in com. Agron.J. 
37:134-135. 
Jenkins, M. T. 1940. The segregation of genes affecting yield of grain in maize. Agron. J. 
32:55-63. 
Johnson, L. W. and R. D. Riess. 1981. Litroduction to linear algebra. Addison-Wesley 
Publishing Co., Reading, Massachusetts. 
Kahler, A. L. 1983. Effect of half-sib and SI recurrent selection for increased grain yield 
on allozyme polymorphisms in maize. Crop Sci. 23:572-576. 
Knapp, S. J., W. W. Stroup, and W. M. Ross. 1985. Exact confidence intervals for 
heritabiUty on a progeny mean basis. Crop Sci 25:192-194. 
Kojima,K. 1961. Effects of dominance and size of population on response to mass 
selection. Genet. Res. 2:177-188. 
Kojima, K. and T. M. Kelleher. 1963. A comparison of purebred and crossbred selection 
schemes with two populations ofDrosophila pseudoobscura. Genetics 48:57-72. 
Li, C. C. 1976. First course in population genetics. The Boxwood Press, Pacific Grove, 
California. 
Lonnquist, J. H. 1964. A modificaiton of the ear-to-row procedure for the improvement of 
maize populations. Crop Sci. 4:227-228. 
Lonnquist, J. H. and M. D. Rumbaugh. 1958. Relative importance of test sequence for 
general and specific combining ability in com breeding. Agron. J. 50:541-544. 
Lonnquist, J. H., O. Cota A., and C. O. Gardner. 1966. Effect of mass selection and 
thermal neutron irradiation on genetic variances in a variety of com (Zea mays L.). 
Crop Sci. 6:330-332. 
Lush, J. L. 1948. Mimeographed class notes. Iowa State University, Ames, Iowa. 
Martin, J. M. and A. R. Hallauer. 1980. Seven cycles of reciprocal recurrent selection in 
BSSS and BSCBl maize populations. Crop Sci. 20:599-603. 
Martin, M. J. and W. A. Russell. 1984a. Response of a maize synthetic to recurrent 
selection for stalk quality. Crop ScL 24:331-337. 
Martin, M. J. and W. A. Russell. 1984b. Correlated repenses of yield and other agronomic 
traits to recurrent selection for stalk quality in a maiyp. synthetic. Crop Sci 24:746-
750. 
94 
Matzinger, D. R and E. A. Wemsman. 1968. Four cycles fo mass selection in a synthetic 
variety of an autogamons species Nicotiana tabacum L. Crop ScL 8:239-243. 
Matzinger, D. F., E. A. Wemsman, and C. C. Cockerham. 1972. Recurrent family 
selection and correlated response in Nicotiana tabacum L. L "Dixie Bright 244' x 
Coker 139'. Crop Sci. 12:40-43. 
McGill, D. P. and J. H. LonnquisL 1955. Effects of two cycles of recurrent selection for 
combining ability in an open-pollinated variety of com. Agron. J. 47:318-323. 
Mode, C. J. and J. F. Robinson. 1959. Pleiotropism and the genetic variance and 
covariance. Biometrics 15:518-537. 
Moll, R. H. and EL F. Robinson. 1966. Observed and expected responses in four selection 
experiments in maize. Crop ScL 6:319-324. 
MoU, R. H. and H. F. Robinson. 1967. Quantitative genetic investigations of yield of 
maize. DerZiichter 37:192-199. 
Moll, R. H. and O. S. Smith. 1981. Genetic variances and selected responses in an 
advanced generation of a hybrid of widely divergent populations of maize. Crop Sci. 
21:387-391. 
Moll, R. H. and C. W. Stuber. 1971. Comparisons of response to alternative selection 
procedures initiated with two popuMons of maize fZea mays L.1 Crop ScL 
11:706-711. 
MoU, R. H., A. Ban, and C. W. Stuber. 1977. Frequency distribution of maize yield 
before and after reciprocal recurrent selection. Crop Sd. 17:794-796. 
Moll, R. H., C. C. Cockerhan  ^C. W. Stuber, and W. P. Williams. 1978. Selection 
responses, genetic-environmental interactions, and heterosis with recurrent selection 
for yield in maize. Crop ScL 18:641-645. 
Mulamb  ^N. N., A. R. Hallauer, and O. S. Smith. 1983. Recurrent selection for grain 
yield in a maize population. Crop ScL 23:536-540. 
Obilana, A. T. and A. R. Hallauer. 1974. Estimation of variability of quantitative traits in 
BSSS using unselected maize inbred lines. Crop ScL 14:99-103. 
Patemiani, E. 1967. Selection among and within half-sib families in a Brazilian population 
of maize (Zea mavs L.\ Crop ScL 7:212-216. 
Patemiani, E. and R. Vencovsky. 1978. Reciprocal recunent selection based on half-sib 
progenies and prolific plants in maize (Zea mavs L.). Maydica 23:209-219. 
Penny, L. H. and S. A. EberharL 1971. Twenty years of reciprocal recurrent selection with 
two synthetic varieties of maize (Zea mavs L.). Crop Sci. 11:900-903. 
95 
Penny, L. H., W. A. Russell, and G. F. Spraque. 1962. Types of gene action in yield 
heterosis in maize. Crop Sci. 2:341-344. 
Rasmuson,M. 1956. Reciprocal recurrent selection. Results of three model experiments 
on Drosophila for improvement of quantitative characters. Hereditas 42:397-414. 
Reeder, L. R., Jr. 1985. Effects of reciprocal fuU-sib selection in maize. Unpublished 
PhD. dissertation. Iowa State University, Ames, Iowa. 
Robertson, A. 1961. Inbreeding in artificial selection programmes. Genet Res. 2:189-
194. 
Robertson, A. 1963. Discussion: Some comments on quantitative genetic theories, p. 
108-115. ia W. D. Hanson and H. F. Robinson (eds.) Genetic statistics and plant 
breeding. Nat Acad. Sci. Nat Res. Counc. PubL 982. 
Robinson, H. F., R. E. Comstock, and P. H. Harvey. 1954. Genetic variances in open 
pollinated varieties of com. Genetics 42:45-60. 
Russell, W. A. and S. A. Eberfiart 1975. Hybrid performance of selected maize lines from 
reciprocal recurrent selection and testcross selection programs. Crop ScL 15:1-4. 
Russell, W. A., S. A. Eberhart, and U. A. Vega O. 1973. Recurrent selection for specific 
combining ability for yield in two maize populations. Crop ScL 13:257-261. 
Saadeh, H. K., J. V. Craig, L. T. Smith, and S. Wearden. 1968. Effectiveness of 
alternative breeding systems for increasing rate of egg production in chickens. Poult 
Sci. 47:1057-1072. 
Schultz, E. F., Jr. 1955. Rules of thumb for determining expectation of mean squares in 
analysis of variance. Biometrics 11:123-135. 
Silva, J. C. and A. R. HaUauer. 1974. Estimation of epistatic variance in Iowa Stiff Stalk 
Synthetic maize. J. Hered. 66:290-296. 
Silva, W. J. and J. H. Lonnquist 1968. Genetic variances in populations developed from 
full-sib and SI testcross progeny selection in an open-polHnated variety of maize. 
Crop Sci. 8:201-204. 
Smith, O. S. 1979a. A model for evaluating progress firom recurrent selection. Crop Sci. 
19:223-226. 
Smith, O. S. 1979b. Application of a modified diallel analysis to evaluate recurrent 
selection for grain yield in maize. Crop Sci. 19:819-822. 
Smith, O. S. 1983. Evaluation of recurrent selection in BSSS, BSCBl and BS13 maize 
populations. Crop. ScL 23:35-40. 
96 
Smith, O. S. 1984. Comparison of effects of reciprocal recurrent selection in the BSSS(R), 
BSCB1 (R), and BS6 populations. Maydica 29:1-8. 
Spraque, G. F. and P. A. Miller. 1950. A suggestion for evaluating current concepts of the 
genetic mechanisms of heterosis in com. Agron. J. 42:161-162. 
Steel, G. D. and J. H. Torrie. 1960. Principles and procedures of statistics. McGraw-Hill 
Book Co., Inc., New York. 
Strangland, G. R., W. A. Russell, and O. S. Smith. 1983. Evaluation of the performance 
and combining ability of selected lines derived fiom improved maize populations. 
Crop Sci. 23:647-651. 
Stuber, C. W., R. H. MoU, and W. D. Hanson. 1966. Genetic variances and 
interrelationships of six traits in a hybrid population of Zea mays L. Crop Sci 
6:455-458. 
Tallis, G. M. 1959. Sampling errors of genetic correlation coefficients calculated fiom 
analysis of variance and covariance. AusL J. Statistics l(2):35-43. 
Tanner, A. H. 1984. A comparison of half-sib and SI recurrent selection in "Krug Yellow 
Dent'. Unpublished Ph J), dissertation. Iowa State University, Ames, Iowa. 
Walejko, R- N. and W. A. RusselL 1977. Evaluation of recurrent selection for specific 
combining ability in two open pollinated maize cultivars. Crop ScL 17:647-651. 
Wright, A. R- 1980. The expected efGciencies of half-sib, testcross, and SI progeny 
testing methods in single population improvement Heredity 45:361-376. 
Wright, J. A., A. R. Hallauer, L. H. Permy, and S. A. EberharL 1971. Estimating genetic 
variance in maize by use of single and three-way crosses among unselected inbred 
lines. Crop. Sci. 11:690-695. 
97 
ACKNOWLEDGMENTS 
I would particularly like to thank Dr. Hallauer for helping me in every phase of my 
graduate program at Iowa State University. I would also like to thank Dr. O. S. Smith for 
the numerous times he helped me to understand his genetic model. Dr. Ed. Pollack has been 
quite kind in helping me with other thecsretical statistics which were used in my dissertation. 
Dr. Lamk  ^reviewed several sections of my study even though he was not a member of my 
committee. I would also like to thank Drs. Bail ,^ Freeman, Atkins, Willham, and Russell 
for serving on my Program of Study Committee. Dave Guy gave me practical advice on 
conducting my experiments and was always a pleasure to work for. I would also like to 
thank Chuck Ferguson, now at Asgrow Seed Company, for initially encouraging me to 
pursue plant breeding when that encouragement made all the difference. 
98 
APPENDIX A. THEORY 
Least Squares 
Each population per se, population self, and population cross has a genetic 
expectation that is a linear function of genetic parameters. Estimates of these genetic 
parameters can be found using least squares theoiy. Let Y be a column vector of the means 
of each entry evaluated, averaged over all replications and enviromnents. Let P be a column 
vector of unknown genetic parameters which is to be estimated using least squares. If the 
dimensions of Y are n x 1 and the dimensions of P are m x 1, then let X be a matrix of 
dimensions nxm. XP is a matrix which defines the specific expectation of a linear 
combination of genetic parameters of an entry which is equated to the e:q)ectation of the 
mean of that entry. Xp = Y, where Y is an n x 1 column vector of observed values of the 
entries. P is an m x 1 matrix of least squares estimates of the genetic parameters. If XX is 
 ^ A/» 
non-singular, P = (X'X)"^XT. The covariance-variance matrix for P is (^^(X'X)-!, where 
is the mean square for entry by environment divided by r, where r represents the number 
of replications times the number of enviromnents in the mean of an element in the Y matrix. 
r = 30 for the particular experiment analyzed in this dissertation. A contrast or linear 
/\ 
combination of genetic parameters, such as AU + DLI, is estimated by CP, where C is a 
/V 
row vector of dimensions 1 x m. Ca2(X'X)"lC' is the variance of the linear combination 
-A. 
represented by Cj3. A t-test for the hypothesis Ho: cp = 0 is: 
tical-- CP 
V C<y2(X'X)-iC* 
^cai is the calculated t value which is then compared to a tabulated tjf, a value with df degrees 
of freedom. If the absolute value of the tabulated t value is smaller than the absolute value of 
99 
then Cp is significntly different from 0 at the a level, where a = the total probability of 
finding CP#0 when in actuality C{3 = 0. 
Genetic Model 
Smith (1983) proposed a genetic model to analyze generation mean experiments. 
Assumptions of the model include Hardy-Weinberg equilibrium, diploid inheritance, and no 
epistasis. A further assumption is that if effective population size is small (e.g., less than 
20) genetic drift will have a larger effect than selection in changing gene frequencies. In the 
following derivations, a two allele per locus model is used. The purpose of using a two 
allele per locus model is for the sake of simplicity in derivations. Smith (1983) generalized 
the genetic expectations to the multiple allelic situation. 
Assume the following conditions for the genetic model proposed by Smith (1983): 
Gj represent the favorable allelic form at the i* locus in the population L 
gi represents the unfavorable allelic form at the i* locus in the population L 
Pi = the initial frequency of the Gj allele at the i* locus in the population L 
1-Pi = q£ = the initial frequency of the g  ^allele at the i* locus in the population I. 
r  ^ = the initial frequency of the Gj allele at the i* locus in the population 1. 
l-q = Si = the initial frequency of the gi allele at the i* locus in the population T. 
 ^ = the frequency of the j* genotype in a population. 
(CV)j = the coded value of the genotype. 
Cph = the phenotypic standard deviation of the trait of interest 
J = the numbers of cycles of recurrent selection for population L 
J' = the numbers of cycles of recurrent selection for population!. 
Api = the change in frequency in population I after one cycle of selection for the G; 
allele at the i  ^locus. 
100 
Arj = the change in frequency in population T after one cycle of selection for the Gj 
allele at the i  ^locus. 
u = the mean of the base genotype. 
= the contribution to the mean of those loci which are fixed in the population, in 
one allelic form. 
Use of Falconer's (1960) notation for genotypic values gives the following scale: 
Genotype GG Gg gg 
—I 1 1 1— 
Genotypic value +a +d 0 -a 
Where +a is the genotypic value of the GG genotype, -t-d is the genotypic value of the Gg 
genotype, and -a is the genotypic value of the gg genotype. The genetic parameters in the 
Smith (1983) model have specific definitions and genetic derivations. The following 
parameters are unitless, because the genotypic values have been divided by apjj. The 
parameters are for one locus only. 
Let, 
AOI = (2p-l)[a/0'ph] + u/OTph 
= the mean of a base genotype plus the intercept of homo^gote contribution 
regressed on cycle of selection, or, the mean of random inbred lines from 
cycle 0 derived firom population I; 
DOI= p(l-p)[d/aph] 
= one half the intercept of heterozygote contributions regressed on cycles of 
selection for population I, or the decrease in the population mean after one 
generation of self-fertilization. 
AU = ApCa/Gpi,] 
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= the partial linear regression coefficient of homozygous contributions regressed 
on cycles of selection, or one-half the change in population mean after one 
cycle of selection due to the effect of homozygous loci for the population L 
DLI = Ap(l-2p)[d/0'pi,] 
= the partial linear regression coefficient of hetero^gous contributions regressed 
on cycles of selection, or one-half the change in the population mean after one 
cycle of selection due to the effect of heterozygous loci for the population L 
DQI = (Ap)2[d/cyph] 
= the partial quadratic regression coefficient of heterozygous contributions 
regressed or cycles of selection or one-half the change in the population mean 
after one cycle of selection due to the effect of genetic drift, if the assumptions 
of the Smith model are accepted, and effective population size is less than 20, 
for population! 
DLIT = Ap[(p-r)d/aph] 
= a linear function of the changes in allelic frequencies in the I* and thel* -
prime population and dominance effects or one-half the contribution of the 
change in the mean of the I* population to the population cross to the prime 
population, minus ALI minus DLL 
Hir = (p-r)2[d/aph] 
= heterosis in the cross of the and I* prime populations if 19  ^T, and J = 0, J' 
= 0. 
HQn' = ApAr[d/Oph] 
= a quadratic function for the change in allelic fiequencies and heterozygous 
effects in the cross of the I* and prime populations, if I#!' and J#0, 
J'ît 0. 
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Derivations of OeneHc Exnecfatinns 
Assume the following genotypic array, gene frequencies, and coded genotypic values 
for the calculation of genetic parameters: 
Genotype Genotype freouencv ffj") Coded Genotype value fC\r>j 
GG p2 a/<Tpii 
Gg 2p(l-p) d/Gph 
gg (1-p)  ^ -a/Cph 
The mean of the unimproved population, or CO, is 2,- 1^(CV)j + n/aph 
= P/Gph + p2(a/Cph) + 2p(l-p)[(d/apji] + (l-p)2[-a/CTph] 
= ^i/Gph + [a/aph][2p -1] + [d/Cph] 2p(l-p) . 
Let, 
AOI = (2p-l)[a/aph] + |j/aph 
DOI=p(l-p)[d/Cph], 
(1) Hence, the genetic expectation of the mean of the CO population is AGI + 2DOL 
Now let the population mean after one cycle of selection, or the CI population mean, be 
derived as follows: the new frequency of the G allele is now p+Ap in the population and the 
new frequency of the g allele is now 1-p-Ap. 
Genotype Genotype 
Qgnptypg frequency ffj'> Codsd valw (CV)j 
GG (p+Ap)2 a/CTph 
Gg 2(p+Ap)(l-p-Ap) d/Cfph 
gg (l-p-Ap)2 -a/o-ph 
The mean of the CI population is Zj l^(CV)j + ^ /Cph, where 
5  ^^ (CV)j = (p+Ap)2[a/aph] + 2(p+Ap)(l-p-Ap)[d/aph] + (l-p-Ap)2[-a/aph] 
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= [(p2+2pAp+Ap2)-(l-2p-2Ap+p2+2pAp+Ap2)][a/ap{i]+[p-p2-2pAp+Ap-
Ap2][2d/<yph] 
= [-l+2p+2Ap][a/(ypi,3+Ip-p2-2pAp+Ap-Ap2][2d/CTpii] 
= [2p-l][a/api,]+[2Ap][a/apij]+2p(l-p)[d/o'ph]+2Ap(l-2p)[d/CTpii]-2(Ap)2[d/o-ph] 
(2) ^(CV)j + n/Cph = AOI + 2ALI + 2DOI + 2DLI - 2DQI 
The genetic expectation of the CO population mean is CO = AOI+2DOL If we self a 
random group of plants from the CO population and bulk this selfed seed, we have the CO 
® population. The result of selfing is to reduce the frequency of heterozygotes by one-half. 
The genetic expectation of the 
(3) CO ® = AOI + DOL In the same manner, the genetic expectation of the CI ® 
population is 
(4) =AOI + 2ALI + DOI + DU-DQI . 
(5) We can derive the genetic expectation of the CN population as [AOI + 2ALI(N) 
+ 2D0I + 2DLI(N) - 2DQI(N2)], where N is the number of cycles of selection and each 
cycle of selection changes the frequency of the G allele from p to p+NAp. The genetic 
expectation of the CN ® population is 
(6) CN® = A0I + 2ALI(N) + D0I + DU(N)-DQI(N2) . 
If the frequency of the G allele in the CO population is p and the frequency of the G 
allele in the CN population is p+Ap(N), we can derive the genetic expectation of the CO x 
CN(I=r) population cross. 
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GCTOtypg 
GG 
gg 
Gg 
Genotype frequency 
p[p+Ap(N)] 
p[l-p-Ap(N)]) 
+ (l-p)[p+Ap(N)] 
(l-p)(l-p-Ap(N)] 
Coded genotype value frvij 
a/Oph 
d/<^pb 
The CO X CN mean is found by 5  ^Ç-(CV)j + li/aph . 
Since the increase in the frequency of G due to N cycles of selection is halved when 
we cross the CO to the CN, the mean of the CO x CN population cross = AOI + 2DOI + 
ALI(N) + DLI(N). The DQI term is absent because we recover most of the hetero^gotes 
which were lost when we cross the CN to the CO. DQI is a measure of heterozygotes lost 
from genetic drift and selection. The following notation will be used for population cross: J 
=  0 ,  J '  =  N ,  w h e r e  N  =  c y c l e s  o f  s e l e c t i o n  a n d  1  =  1 ' .  
Coded genotypic value Population genotype frequency 
Genotype 
GG 
Gg 
a/CTph 
d/Cph 
-a/Gph 
ai 
2p(l-p) 
(l-p)2 
(p+ApN)2 
2(p+ApN)( 1 -p-ApN) 
(l-p-ApN)2 
err 
gg 
The gametic frequencies of the populations are 
P(G) = p 
p(g) = 1-p 
P(G) = (p+ApN) 
P(g) = (1-p-ApN) 
for population CU 
for population CU 
for population CI'J' 
for population CIT 
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Population cross mean (CU x CIT), J = 0, J' = N, and I = I' is 5^- ^(CV)j + p/Oph 
2jfj(CV)j 
= p(p+ApN)[a/C5ph] - (l-p)(l-p-ApN)[a/cph] + p(l-p-ApN)[d/oph] 
+ (l-p)(p+ApN)[d/oph] 
= [p  ^+ pApN-l+p+ApN+p-p2-pApN][a/oph] 
+ (jp-p2-pApN+p+ApN-p2-pApN][d/oph] 
= (2p-l)[a/C5ph] + (Ap)[a/c3ph](N) + 2p(l-p)[d/oph] + Ap(l-2p)[d/aph](N) 
Xj fj(CV)j + n/o-pji = AOI + ALI(N) + 2D0I + DLI(N). 
The genotypic firequencies of the CO x C0(j=r=0) cross of the I by T populations 
(I# r), can be found by the use of a Punnett square. 
p q Population I 
Population r 
F s 
ip rq 
sp sq 
Genptypç Genotype fineouencv ffj) Coded gemotvpe value rCVtj 
GG ip a/oph 
Gg sp+rq d/oph 
gg (l-r)(l-p) -a/qph 
The mean of the CO(I) x COCT) population cross = Sj ^ (CV)j + n/Gph . 
fj(CV)j = [ip-(l-r)(l-p)][a/qph] + {p(l-r)+r(l-p)][[d/oph] 
= [ip-(l-p-r+ip)][a/oph] + [p-pr+r-ip] [d/oph] 
= [ip-l+p+r-ip][[a/oph] + [p+r-2ip] [d/oph] 
= [p+r-1] [a/oph] + [p+r-2rp+p2-p2+r2-r2] [d/oph] 
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= l/2[2p-l][[a/C5ph] + l/2[2r-l][a/oph] + [p-p2][d/cph] + [r-r2][d/C5ph] 
+ [p2+r2-2ip][d/Oph] 
XjfjCCXOj + n/Gph 
= 1/2 AOI +1/2 AOr + p(l-p)[d/oph] + r(l-r)[d/oph] + (p-r)2[d/oph] 
(7) =l/2AOI+l/2AOr + DOI + DOr + Hn , 
where HTI is a term involving the difference in gene frequencies between the two 
populations and dominance. 
The genetic expectation of the CU x OTP population cross is for a number of fuU-
sibs families, of which an equal quantity of seed from each of these full-sib families is 
bulked to form the population cross. Let 
J = N, r = N, where N = cycles of selection, and 
I 1',where I = population. For populations C3J and CIT, the frequencies of the 
genotypes are as follows: 
Population CU frequencv Cgnptypg Population CIT frequency 
(p+ApN)2 GG (r+ArN)2 
2(p+ApN)(l-p-ApN) Gg 2(r+ArN)(l-r-ArN) 
(l-p-ApN)2 gg (l-r-ArN)  ^
The gametic frequencies for each of the populations are as follows: 
P(G) in population I = p+ApN ; 
P(g) in population I = 1-p-ApN ; 
P(G) in population T = r+AiN ; and 
P(g) in population T = 1-r-ArN . 
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The population cross mean is calculated as (CU x CI'J) = ^(CV)j + (i/aph 
Z)fi(CV)j 
= (p+ApN)(r+ArN)[a/oph3 - (l-p-ApN)(l-r-ArN)[a/oph] + 
(p+ApN)(l-r-ArN)[d/oph] + (r+ArN)(l-p-ApN)[d/cyph] 
= [pr+pArN+rApN+ApArN2][a/oph] - [a/cph][l-r-ArN-p+pr+pArN 
— ApN+rApN+ApArN^) + [p-pr-pArN+ApN-rApN-ApArN^] [d/cph] 
+ [r-rp-rApN+ArN-pArN-ArApN2][d/C5ph] 
= [pr-pr +pArN-pArN+rApN-rApN+ApArN2 -ApArN^-l+r+ArN+p+ApN] 
[a/cph] + [p+r-2rp-2pArN-2rApN+pAN + rAN-2ApArN2][d/oph] 
= [a/Oph][p+r-l+Apa(N)+Ara(N)]+[d/aph][p+r-2ii)-2pArN-2rApN+ApN+ArN 
- 2ApArN2] 
= 1/2 [a/oph][(2p-l) + (2r-l) +Ap(N)+Ar(N)]+[d/C5ph]lp(l-r)+r(l-p)] 
+ [d/oph][Ap(l-2r) + Ar(l-2p)](N) - 2ArApd(N^) 
Ij ^ (CV)j + ^ i/Cph 
= 1/2 AOI + 1/2 AOr + ALI(N) +ALI'(N) + [d/oph][p(l-r) +r(l-p)] 
+ [d/oph][Ap(l-2r) +Ar(i—2p)(N) - 2ArAp(N2)] 
= l/2AOI+l/2AOr + ALI(N)+ALI'(N) 
+ [d/oph][p(l-r) +r(l-p)+p2+r2-p2-r2] + [d/oph][Ap(l-2r+2r-2r+2p-2p](N) 
+ [d/oph][Ar(l-2p+2r-2r+2p-2p)](N) - 2ArApd(N2)[d/oph] 
= 1/2 AOI + 1/2 AOr + ALI(N) +AU'(N) + [d/oph][p-pr+r-pr+p2+r2-p2-r2] 
+ [d/oph][Ap(l+2r-2r-2p] + Ap[d/oph](-2r+2p)](N) 
+ [d/oph][Ar(l+2p-2p -2r) + Ar(-2p+2r)](N) - 2ArAp[d/oph](N2) 
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= 1/2 AOI + 1/2 AOr + ALI(N) +ALr(N) + [d/oph](p-p2) + [d/oph](r-r2) 
+ (p-r)2[d/oph] + [d/oph][Ap(l-2p)](N) +2Ap[(p-r)[d/oph](N) 
+ [d/oph][Ar(l-2r)](N) + 32Ar[(r-p)[d/oph](N) -2ArAp[d/oph](N2) 
= 1/2 AOI + 1/2 AOr + ALI(N) + ALr(N) + [d/cph]p(l-p) + [d/cph]r(l-r) 
+ (p-r)2[d/oph] + [d/oph][Ap(l-2p)](N)+ 2Ap[(p-r)[d/oph](N) 
+ [d/aph][Ar(l-2r)](N) + 2Ar[(r-p)[d/oph](N) - 2ArAp[d/oph](N^) 
(8) = l/2(AOI + AOI') + (AIJ+ALr)N + DOI + DDF + HIl + DLI(N) 
+ 2DLri(N) + DLI'(N) + 2DLir(N) + 2HQn(N)2 
Basis for T Jsîny DOT as an Approximation to the Effect of Genefic Drift 
The use of DQI to estimate the effect of genetic drift on the population mean is an 
approximation. The reasoning for using the DQI term as an estimate of the effect of genetic 
drift is as follows: 
LetApi = that total change in the fiequency of the G allele after one cycle of 
selection for the i* locus; 
5pi = the change in the fiequency of the G allele after one cycle of selection for 
the i* locus due to the effect of genetic drift; and 
ypi = the change in the fiequency of the G allele after one cycle of selection for 
the i^ locus due to the effect of selection. 
then 
(9) Api = ôpi + 7pi ,and 
(Api)2 = (5pi)2 + (7Pi)2 + 2(5pi)(7pi). 
8pi and Tpj are uncorrelated random variables when summed over all n loci affecting a trait, 
so the above equation reduces to 
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(10) (Api)2 = (spi)2 + (7pi)2 . 
The change in p due to the affect of selection is expected to be small for only a few 
cycles of selection. Since Tpi is small, ('ypi)2 is very much smaller and ('ypj)2 can be 
^roximated to zero. 
(Api)2 = (5pi)2 + ('Ypi)2 can then be further reduced so that to an approximation 
(Api)2 = (5pi)2. DQI = (Api)2 [d/oph] so if we can substitute (6pi)2 for (Api)2, then DQI 
= (5pi)2 [d/op], and the DQI terms, as an approximation, represents the effect of genetic 
drift. 
A more detailed explanation of why DQI is an estimate of genetic drift is as follows 
(Kendall Lamkey, Dept of Agronomy, Iowa State Univ., personal communication, 1986) : 
(11) EIPQI] = E(Api)2 (d/oph) by definition. 
Substituting Equation 10 into Equation 11 gives 
(12) E[DQI] = E[(ôpi)2 + C)Pi)2] (d/oph). 
The variance of 8p is 
(13) V6p = E[(Spi)2] - [E(5pi)]2 . 
Upon rearranging Equation 13, 
(14) E[(5pi)2] = V5p + [E(5pi)]2 . 
Because p is binomially distributed, the variance of 5p due to sampling is 
(15) V5p = [p(l-p)/2Ne] . 
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(16) E(5pi) = 0 
because, as the sample size becomes very large, the change in gene frequency due to 
sampling approaches zero. Substituting Equation 16 into Equation 14 gives 
(17) E[(5pi)2] = V5p + [0]2 = V5p . 
A furthCT substition of Equation 15 into Equation 17 gives 
(18) E[(ôpi)2] = [p(l-p)/2Ne] . 
Substituting Equation 18 into Equation 12 gives 
(19) E[DQI] = [p(l-p)/2Ne](d/oph) + E(7pi)2(d/oph) . 
It can be shown that for mass selection in both males and females prior to crossing 
(20) E(Apj) = Dq>(l-p)a]/C5ph . 
The change in the mean in a random mating population from selection is 
(21) 2(ALI+DLI) = 2Api[(a/oph)+(l-2p)(d/oph)] = 2Api(a/aph) . 
Where k = standardized selection differential and a = average effect of gene substitution. 
The change in the mean of a random mated population (Smith 1979a) is 
(22) E(AG) = E(2Api)a , 
where AG is the gain from selection. Substituting Equation 20 into Equation 22 gives 
(23) E(AG) = (a)2[kp(l-p)a]/oph . 
I l l  
Since 2p(l-p)a2 = where is the additive genetic variance, then 
(24) E(AG) = kCTA /^oph . 
Using Equation 21, 
(25) E[2ALI+2DLI] = E[2Api(a/oph)] . 
Substituting Equation 20 into Equation 25 gives 
(26) E[2ALI+2DLI] = 2[kp(l-p)a^/oph2 = = AG/oph . 
Substituting Equation 9 into Equation 20 gives 
E(Api) = E(Spi+7pi) = [kp(l-p)a]/oph 
and because from Equation 16 E(^) = 0, then 
(27) E(Api) = E(7pi) = [kp(l-p)a]/oph . 
Substituting for E(7Pi) in Equation 19 gives 
(28) E(DQI) = [p(l-p)/2Ne](d/oph) + [kp(l-p)a]2(d/oph3) . 
From Equation 12, 
E(DQI) = E[(5pi)2 + (Tp^Z)] (d/oph) . 
If 
E(DQI) = E(5pi)2(d/c5ph) , 
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then DQI is attributed to the effect of genetic drift So if we equate Equations 12 and 28, 
then 
E(DQI) = [ip(l-p)/2Ne](d/oph) + [kp(l-p)a]2(d/oph3) 
= E[(ôpi)2+('ypi)2](d/oph) . 
If E('ypi)2 is small relative to the magnitude of E(Spi)2, then E[DQI] = E(5pi)2(d/oph) . 
From Equation (27), E('ypi)2 = [kp(l-p)a/oph]2 , 
Since a is unknown, let us derive E(7pi) using a simple example. In order to 
develop a model, let Wy be the selection coefficient for the GiGj genotype, pg is the initial 
gene frequency and pj is the new gene frequency after one cycle of selection, 
wii = 1, Wi2 = 1, W22 = 1-s 
p, = P^w„+pqwi2 
p2wii + 2pqwi2 + q2w22 
= p(p+q) 
p2 + 2pq + q2(l-s) 
= P 
p2 + 2pq + q2 - q^s 
= P_ 
1 - q2s 
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Let p = q = 0.5 and s = 0.1 then. 
Pi = .5 = .5 = 0.513 
1-.25(0.1) .975 
TP = Pi - Po = 0.513 - 0.5 = 0.013. 
If we can substitute -yp = [p/(l-q2s)] - pg for kp(l-p) (cc/oph), then we can estimate 
(•yp)2 and compare it to (5p)2 
With complete dominance and selection against the homozygous recessive only then, 
TP = 0.013 and if s = 0.1, p= q = 0.5, and Ne = 10, then (7p)2 = 1.69 x 10-4 and 
(5p)2 = 0.0125. The quadratic effect, due to selection is then small relative to the effect due 
to genetic drift 
ALI + DLI = Ap[a/oph] + Ap(l-2p)[d/Cfph] and ALI + DLI is an estimate of one-half 
of the effect due to selection. Since genetic drift is random in direction, the sum of 5p over 
all n loci affecting a trait is expected to be zero. 
n n n 
SApi = X6pi + E7Pi , 
i i i 
and 
E[2 SpJ = 0 so 2 Api = 2 Tpi 
i i i 
Hence, the ALI + DU expression estimates the effect of selection independent of the effect 
of genetic drift 
Genetic drift results in a decrease in the population mean for a trait such as grain 
yield. If there is positive dominance gene action at all the n loci affecting a trait, and if a 
hétérozygote was changed to a homozygous dominant genotype, the change in the genotypic 
value in that individual would be Aom +d to +a. If a hetero^gote was changed to a 
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homozygous recessive individual, the resultant change in the genotypic value would be from 
dto-a. The difference between the Gg individual and the GG individual is d-a. The 
difference between tiie Gg individual and the gg individual is d-(-a) = d+a. The inbreeding 
depression associated with genetic drift is due to the fact that the d+a change in the 
population mean for each individual, in the case of a gene being fixed homozygous 
recessive, is greater than the change of d-a for the case of the gene being fixed homozygous 
dominant. Since one-half the loci affecting a trait are expected to be fixed homozygous 
dominant and one-half the loci affecting a trait arc e3q)ected to be fixed homozygous 
recessive, then the change in one-half the loci is d-a and in one-half the loci the change is 
d+a, for heterozygous individuals. The decrease due to hetero:qrgotes being fixed 
homozygous recessive (d+a) is not compensated for by the increase (d-a) at other loci where 
hétérozygotes are fixed homo^gous dominant due to genetic drift. The net result is an 
overall decrease in the population mean, or inbreeding depression, due to genetic drift Or, it 
can be stated that dominance gene action masked the deleterious affects of recessive alleles, 
and the loss of heterozygotes, as a consequence of genetic drift, exposed these deleterious 
recessives which resulted in inbreeding depression. 
Specific Genetic Expectations Used in thîs Dissertation 
The BSSS(R), BS13(EîT), and BS13(S) populations all share BSSSCO as the initial 
CO population. The genetic expectations, using the Smith (1983) model, of BSSS(R)C4 x 
BSSS(HT)C4 are AOI + 2DOI + ALI(4) + ALI'(4) + DLI(4) + DLr(4) + 2HQn(16), 
where I represents the BSSS(R) population, P represents the BSSS(HT) population, and 
AOI + 2DOI represents the BSSSCO population mean. HQII is the population cross 
heterosis. The general derivation of the CU x CTT population cross genetic expectation is 
1/2(A0I + AOI') + DOI + DOr + Hn + ALI(N) + ALr(N) + DLI(N) + DLI'(N) + 
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2DLIÏ(N) + 2DLir(N) + 2HQI1(N2). However, since BSSS(R)CN and BSSS(Hr)CN 
have BSSSCO as the common parental population, AOI = AOI and DOI = DOI'. HIT is 
equal to 2(p-r)2d and p and r aie fiom the I and T parental populations, respectively. Since I 
= r for the parental population, then p = r, in this special case, and p-r = 0 so HTI = 0. 
DUT equals 2Ap[(p-r)d](N) and DUT equals 2Ar[(r-p)d](N). Since p=r, in this special 
case, then DLH = DUT = 0. Thus the specific genetic expectation of the BSSS(R)C4 x 
BSSS(HT)C4 can be derived firom the general derivation of the CU x CTJ' population cross 
genetic expectation by equating all terms involving p-r to zero and by collecting like terms. 
The specific case of the genetic expectation of the BSSS(R)C10 x BS13(S)C4 
population cross is AOI + 2DOI+ALIR(10) + ALIHT(7) + ALIS(4) + DLIR(10) + 
DLIHT(7) + DLIS(4) + 2HLri(7-10) + 2HLn'(4-10). In this case, the general genetic 
expectation of BSSS(R)C10 x BS13(S)C4 equals 1/2(A0I + AOI*) + DOI + DOI' + 
ALIR(J) + ALIHT(r) + ALIS(T') + DLIR(J) + DLIHT(J') + DLIS(J') + 2DUT(J) + 
2DLn'(J') + 2DLn"(J') + mi + 2HQri(J.J') + 2HQI"I(J.J"). Since BSSS(R)CN, 
BSSS(HT)CN, and BS13(S)CN all have in common the BSSSCO as the parental 
population, l/2(AOI + AOI") = AOI and DOI + DOr = 2DOL Since, p = r, in this special 
case, HIT = 0, DLIT = 0, DUT = 0, and DLH" = 0. Where BSSS(R)CN is the I& 
population, BSSS(HT)CN is the I^ prime population, and BS13(S)CN is the prime-
prime population. AUR is the ALT term for BSSS(R) and DOR is the DLI term for 
BSSS(R). AUHT and DUHT are the AU and DU terms, respectively, for the BS13(HT) 
population. AIJS and DUS are the AU and DU terms, respectively, for the BS13(S) 
population. ALIHT and AUS and DLIHT and DUS were united at the point k = 7, where k 
represents the number of cycles of recurrent selection. For an explanation of the technique 
of joining two regression slopes, which are unknown, but whose common point of 
intersection (k) is known, the reader is referred to Draper and Smith (1966, p. 140). 
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2HQn(J X J") represents the heterosis between BSSS(R)CJ and BSSS(HT)Cr population 
cross. 2HQrT(J x J") represents the heterosis of the BSSS(R)CJ and BS13(S)CJ" 
population cross. In this specific example, J = 10, P = 7, and J" = 4. 
The specific genetic expectation of the BSSSCO x BSCBICO population cross is 
1/2A0I + l/2AOr + DOI + DOr + BDTI, where BSSSCO represents the I* population and 
BSCBl represents the I* prime population. BSCBICO per se and selfed were not evaluated 
in the generation mean experiment, so no estimate of AO! or DOF was possible. Hence, 
1/2A0I, l/2A0r, DOI, DOr, and HTI were statistically confounded in the generation mean 
experiment Due to this confounding, 1/2(A0I + AOI*) + DOI + DOI' + HTI have been 
equated to BO. BO represents the intercept of the Towa Stiff Stalk Synthetic' x Iowa Com 
Borer #1 Synthetic' population cross regression. Table A1 is that portion of the "X' matrix 
which represents the five Iowa Stiff Stalk Synthetic' x Iowa Com Borer #1 Synflietic' 
population crosses. Where X is used in the least squares theory, such that E[Y] = Y = X(3. 
When the five rows in Table A1 are put in reduced row echelon form, the parameters of the 
model, which are statistically confounded, may be detemiined. The reduced row echelon 
form of Table A1 is shown in Table A2. Let 'A' represent the matrix in Table A2, then A|3 
determines what is estimable. Table A3 is the P matrix corresponding to the 'X' matrix in 
Table A1 and the 'A' matrix in Table A2. 
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Table Al. X matrix representing the complete genetic expectation using the Smith (1983) 
model for the "Iowa Stiff Stalk SynSietic' by 'Iowa Com Borer Synthetic #1' 
population cross 
Column Row 
1 0.5 0.5 0.5 0.5 0.5 
2 1 1 1 1 1 
3 0 6 0 10 0 
4 0 6 0 10 0 
5 0 0 0 0 0 
6 0 0 7 0 7 
7 0 0 7 0 7 
8 0 0 0 0 0 
9 0 0 0 0 4 
10 0 0 0 0 4 
11 0 0 0 0 0 
12 0 0 0 0 0 
13 0 0 0 0 0 
14 0.5 0.5 0.5 0.5 0.5 
15 1 1 1 1 1 
16 1 1 1 1 1 
17 0 6 6 10 10 
18 0 6 6 10 10 
19 0 12 0 20 0 
20 0 12 0 20 0 
21 0 72 . 0 200 0 
22 0 0 14 0 14 
23 0 0 12 0 20 
24 0 . 0 84 0 140 
25 0 0 0 0 8 
26 0 0 0 0 20 
27 0 0 0 0 80 
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Table A2. Reduced row echelon form of Table A1 X matrix 
Column Row 
1 2 3 4 5 
1 1 0 0 0 0 
2 2 0 0 0 0 
3 0 1 0 0 0 
4 0 1 0 0 0 
5 0 0 0 0 0 
6 0 0 1 0 0 
7 0 0 1 0 0 
8 0 0 0 0 0 
9 0 0 0 1 0 
10 0 0 0 1 0 
11 0 0 0 0 0 
12 0 0 0 0 0 
13 0 0 0 0 0 
14 1 0 0 0 0 
15 2 0 0 0 • 0 
16 2 0 0 0 0 
17 0 1 0.85714 1 0 
18 0 1 0.85714 1 0 
19 0 2 0 0 0 
20 0 2 0 0 0 
21 0 0 0 0 1 
22 0 0 2 0 0 
23 0 0 1.71429 2 0 
24 0 0 12 14 0 
25 0 0 0 2 0 
26 0 0 0 5 0 
27 0 0 0 20 0 
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Table A3. Beta matrix of genetic parameters using the Smith (1983) model corresponding to 
the X matrix and reduced row echelon X matrix of Tables A1 and A2 
Column of X matrix Genetic parameter Population or population cross 
1 AOI BSSSCO 
2 DOI BSSSCO 
3 All BSSS(R)CN 
4 DU BSSS(R)CN 
5 DQI BSSS(R)CN 
6 AU BSSS(HT)CN 
7 DU BSSS(HT)CN 
8 DQI BSSS(HT)CN 
9 AU BS13(S)CN 
10 DU BS13(S)CN 
11 DQI BS13(S)CN 
12 HQIT BSSS(R)CN X BSSS(Hr)CN 
13 HQI'I 
Aor 
BSSS(R)CN X BS13(S)CN 
14 BSCBICO 
15 DOT BSCBICO 
16 HI'I BSSSCO X BSCBICO 
17 ALI' BSCB1(R)CN 
18 DLF BSCB1(R)CN 
19 DUI BSSS(R)CN X BSCB1(R)CN 
20 DLH' BSCBl(R)CNx BSSS(R)CN 
21 HQI'I BSSS(R)CN X BSCB1(R)CN 
22 DUI BSSS(HT)CN X BSCB1(R)CN 
23 DUI' BSCB1CR)CN X BSSS(HT)CN 
24 HQIT BSSS(HT)CN X BSCB1(R)CN 
25 DUI BS13(S)CN X BSCB1(R)CN 
26 DLH' BSCB1(R)CN X BS13(S)CN 
27 HQIT BS13(S)CN X BSCB1(R)CN 
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Table A4. list of entries for Y matrix in relation to Tables A1 and A2 
Row of X matrix Population or population cross 
1 BSSSCOxBSCBlCO 
2 BSSS(R)C6 X BSCB1(R)C6 
3 BS13CO X BSCB1(R)C6 
4 BSSS(R)C10 X BSCB1(R)C10 
5 BS13(S)C4xBSCBl(R)C10 
APPENDIX B. TABLES FOR SECTION I 
Table Bl. Combined analysis of variance which includes all populations for five traits using S2 progenies evaluated in six 
environments 
Source of Variation 
Mean squares 
d.f. Root lodging Stalk lodging Dropped ears Grain yield Grain moisture 
% ""Mg — 
Environmcnts(E) 5 327859.55** 9163.26** 43.46** 461.33** 11602.16** 
Sets (S) 4 1382.69** 1823.36** 8.70** 10.43** 79.67** 
S x E  20 . 1118.97** 381.11** 3.29** 2.86** 34.23** 
Replications/S/E 30 234.51** 147.24** 3.22** 0.92** 8.18** 
Entries/S 245 1470.98** 961.12** 6.57** 10.22** 59.78** 
Entries/S x E 1225 348.83** 170.21** 2.35** 1.04** 9.51** 
Residual 1470 103.31 68.74 1.53 0.54 4.89 
Corrected total 2999 
**Significant at 0.01 level. 
Table B2. Combined analysis of variance for five traits for S2 progenies of BSSSCO population evaluated in six environments 
Source of Variation 
Mean squares 
d.f. Root lodging Stalk lodging Dropped ears Grain yield Grain moisture 
% —Mg ha*^— 
Environments(E) 5 53874.68** 2554.33** 33.63** 64.98** 2299.02** 
Sets (S) 4 2591.26** 432.43** 17.46** 3.94** 48.73** 
S x E  20 420.97** 80.08 7.09** 1.07** 16.25** 
Replications/S/E 30 90.49 107.36* ins 0.42 5.21 
Entries/S 45 1007.92** 1115.34** 14.31** 5.71** 66.75** 
Entries/8 x E 225 304.73** 180.17** 4.91** 0.78** 10.18** 
Residual 270 100.36 70.51 1.89 0.38 5.74 
Corrected total 599 
•Significant at 0.05 level. 
••Significant at 0.01 level. 
Table B3. Combined analysis of variance for five trails for S2 progenies of BSSS(R)C5 population evaluated in six 
environments 
Mean squares 
Source of Variation d.f. Root lodging Stalk lodging Dropped ears Grain yield Grain moisture 
% —Mg — 
Environments(E) 5 75535.28** 1770.80** 18.30** 67.69** 2175.13** 
Sets (S) 4 438.92** 1796.05** 8.39** 6.33** 38.08** 
S x E  20 178.41** 256.46** 3.88 0.64 16.18** 
Replications/S/E 30 137.37* 83.51* 4.10* 0.32 3.14 
Entries/S 45 886.34** 863.66** 9.85** 7.81** 60.08** 
Entries/S x E 225 249.26** 134.86** 2.83 0.80** 7.79** 
Residual 270 83.74 79.53 2.70 0.59 4.90 
Corrected total 599 
•Significant at 0.05 level. 
••Significant at 0.01 level. 
Table B4. Combined analysis of variance for five traits for S2 progenies of BSSS(R)C9 population evaluated in six 
environments 
Source of Variation 
Mgan squares 
d.f. Root lodging Stalk lodging Dropped ears Grain yield Grain moisture 
% —Mg ha"^-— 
Environments(E) 5 68823.26** 926.94** 9.17** 123.25** 2069.80** 
Sets (S) 4 1178.44** 494.96** 2.27 9.26** 52.47** 
S x E  20 331.86** 167.74** 1.88 1.89** 13.01** 
Replications/S/E 30 216.40** 54.74 1.44 1.17** 9.15** 
Entries/S 45 993.72** 484.62** 3.08** 2.88** 43.12** 
Entries/S x E 225 247.56** 109.88** 1.84 1.03** 9,10** 
Residual 270 93.88 46.45 1.62 0.55 4.95 
Corrected total 599 
**Significant at 0.01 level. 
Table B5. Combined analysis of variance for five traits using S2 progenies of BS13CO population evaluated in six 
environments 
Mean squares 
Source of Variation d.f. Root lodging Stalk lodging Dropped ears Grain yield Grain moisture 
% —Mg hâ"^— 
Environments(E) 5 71205.12** 2582.17** 6.24** 123.09** 2885.72** 
Sets (S) 4 1574.62** 658.58** 2.69* 10.76** 82.72** 
S x E  20 629.43** 171.09** 1.73* 1.95** 8.81** 
Replications/S/E 30 136.70 71.91 1.53* 0.64* 6.34 
Entries/S 45 2673.02** 755.84** 2.65** 4.66** 64.64** 
Entries/S x E 225 447.57** 154.44** 1.29* 0.81** 10.51** 
Residual 270 114.22 51.23 1.00 0.42 4.42 
Corrected total 599 
•Significant at 0.05 level. 
^^Significant at 0.01 level. 
Table B6. Combined analysis of variance for five trails using S2 progenies of BS13(S)C3 population evaluated in six 
environments 
Mean squares 
Source of Variation d.f. Root lodging Stalk lodging Dropped ears Grain yield Grain moisture 
% "*-Mfg hâ" 
Environments(E) 5 66193.33** 3759.75** 0.58 104.69** 2293.45** 
Sets (S) 4 3435.65** 1136.85** 0.47 11.72** 55.55** 
S x E  20 947.87** 383.75** 0.24 1.98** 29.57** 
Replications/S/E 30 77.34 123.23 0.39 1.01 4.77 
Entries/S 45 1132.31** 1430.94** 0.50* 6.64** 52.00** 
Entries/S x E 225 353.83** 233.05** 0.35 1.35** 7.09** 
Residual 270 123.16 93.92 0.34 0.68 4.34 
Corrected total 599 
•Significant at 0.05 level. 
•^Significant at 0.01 level. 
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Table B7. Sum of squares and cross products among entries for five traits of the BSSSCO 
population 
Traits 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Grain 
yield 
Grain 
moisture 
Root lodging 45356.20 12969.50 217.27 -247.66 1053.90 
Stalk lodging 50190.22 1332.88 545.40 -3985.31 
Dropped ears 643.88 6.31 -14.04 
Grain yield 256.75 10.99 
Grain moisture 3003.75 
Table B8. Sum of squares and cross products for entry x environment for five traits of the 
BSSSCO population 
Root Stalk Dropped Grain Grain 
Traits lodging lodging ears yield * moisture 
Root lodging 68563.40 -3870.84 -586.87 -192.19 1013.34 
Stalk lodging 40539.29 -164.75 -291.51 -374.78 
Dropped ears 1104.32 14.35 115.51 
Grain yield 176-25 -76.93 
Grain moisture 2291.34 
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Table B9. Sum of squares and cross products among entries for five traits of the 
BSSS(R)C5 population 
Traits 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Grain 
yield 
Grain 
moisture 
Root lodging 39885.46 9454.21 657.34 555.53 -747.33 
Stalk lodging 38864.64 -102.81 1194.25 -1064.31 
Dropped ears 443.08 -51.57 -139.29 
Grain yield 351.39 -249.41 
Grain moisture 2703.69 
Table BIO. Sum of squares and cross products for entry x environment for five traits of the 
BSSS(R)C5 population 
Traits 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Grain 
yield 
Grain 
moisture 
Root lodging 56083.79 -4445.16 -575.21 185.27 -1800.32 
Stalk lodging 30343.24 -532.05 -201.97 -511.29 
Dropped ears 636.60 -32.14 -32.11 
Grain yield 180.87 -71.98 
Grain moisture 1753.73 
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Table B11. Sum of squares and cross products among entries for five traits of the 
BSSS(R)C9 population 
Traits 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Grain 
yield 
Grain 
moisture 
Root lodging 44717.20 2618-97 -615.94 291.16 -2070.43 
Stalk lodging 21807.86 34.76 -33.75 -1712.75 
Dropped ears 138.52 43.01 25.54 
Grain yield 129.82 -151.90 
Grain moisture 1940.51 
Table B12. Sum of squares and cross products for entry x environment for five traits of the 
BSSS(R)C9 population 
Root Stalk Dropped Grain Grain 
Traits lodging lodging ears yield moisture 
Root lodging 55700.91 -510.07 588.51 185.57 56.58 
Stalk lodging 24722.72 71.84 -69.71 -334.02 
Dropped ears 414.19 26.94 -65.21 
Grain yield 231.54 -186.55 
Grain moisture 2046.61 
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Table B13. Sum of squares and cross products among entries for five traits of the BS13CO 
population 
Root Stalk Dropped Grain Grain 
Traits lodging lodging ears yield moisture 
Root lodging 120286.23 -2967.15 -380.25 136.05 4436.07 
Stalk lodging 34012.86 125.06 394.33 -3843.08 
Dropped ears 119.43 18.20 -46.66 
Grain yield 209.77 -128.05 
Grain moisture 2908.72 
Table B14. Sum of squares and cross products for entry x environment for five traits of the 
BS13CO population 
Traits 
Root Stalk 
lodging lodging 
Dropped 
ears 
Grain 
yield 
Grain 
moisture 
Root lodging 100702.41 -8526.74 -66.54 181.50 619.82 
Stalk lodging 34749.01 109.21 -102.47 -306.89 
Dropped ears 290.20 -50.03 -33.73 
Grain yield 181.64 -110.58 
Grain moisture 2365.44 
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Table B15- Sum of squares and cross products among entries for five traits of the 
BS13(S)C3 population 
Traits 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Grain 
yield 
Grain 
moisture 
Root lodging 50953.99 8528.76 277.70 911.28 915.02 
Stalk lodging 64392.08 160.14 -674.14 -3966.61 
Dropped ears 22.37 17.56 -15.25 
Grain yield 298.65 79.32 
Grain moisture 2340.11 
Table B16. Sum of squares and cross products for entry x enviroimaent for five traits of the 
BS13(S)C3 population 
Traits 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Grain 
yield* 
Grain 
moisture 
Root lodging 79612.60 -7457.12 -16.58 -508.17 180.37 
Stalk lodging 52437.00 -26.64 -1082.21 -706.46 
Dropped ears 78.15 -13.64 -41.47 
Grain yield 303.09 -42.22 
Grain moisture 1596.08 
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Table B17. Number of test enviromnents, number of replications per test environment, 
number of entries per test environment, number of progeny selected, and 
selfing generation of lines recombined for four populations on a per cycle basis 
Population Cycle of 
families 
in yield 
trials 
Number of 
test environ­
ments 
Number of 
replications 
per test 
environment 
Number of 
entries per 
test environ­
ment 
Number of Selfing 
progeny generation 
selected of lines 
recombined 
BSSS(R) 0 1 3 99 10 SI 
1 2 3 102 10 SI 
2 4 2.7 103 10 SI 
3 2 3 101,63 10 SI 
4 4 2 90 10 SI 
5 4 2 100 10 SI 
6 3 2 100 10 S2 
7 3 2 100 10 81 
8 4 2 100 20 SI 
9 4 2 160 20 SI 
BSSSCHT) 0 1 3 167 10 SI 
1 1 6 167 12 SI 
2 2 3 108 10 SI 
3 2 3 88 10 SI 
4 2 3 91 10 SI 
5 4 2 86 10 SI 
6 4 2 90 10 SI 
BS13(S) 0 3 2 100 10 S2 
1 3 2 100 10 S2 
2 3 2 100 20 SI 
3 3 2 100 20 SI 
BSCB1(R) 0 1 3 99 10 SI 
1 2 3 82 10 SI 
2 4 3 103 10 SI 
3 2 3 101, 63 10 SI 
4 4 2 90 10 51 
5 4 2 100 10 SI 
6 3 2 100 10 S2 
7 3 2 100 10 SI 
8 4 2 100 20 SI 
9 4 2 160 20 SI 
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Table B18. Estimates of error variance, genetic x environment variance, genetic variance, 
heritability on a progeny mean basis among families, mean of unselected 
families, mean of select families, selection differential, and phenotypic 
standard deviation for grain yield in Mg har^ for four populations on a per cycle 
basis 
Population C 
Y Parameter estimated 
c 
L 
E 
C^a Cq  ^ V Xsf S.D.g V 
0 0.279 0.133 0.59 4.64 5.03 0.388 0.475 
1 0.331 O.OOl 0.111 0.67 5.34 5.99 0.645 0.408 
2 0.441 0.033 0.039 0.45 4.91 5.28 0.368 0.236 
3 0.245 0.040 0.042 0.41 7.63 8.06 0.430 0.320 
4 0.302 0.030 0.020 0.30 7.61 8.10 0.490 0.255 
5 0.645 0.046 0-133 0.59 6-80 7.61 0.809 0.474 
6 0.706 0-140 0.156 0.49 7.13 8.11 0.977 0.566 
7 1.063 0.125 0.134 0.38 7.90 8.78 0.877 0.594 
^An estimate of among plot error variance. 
^An estimate of genotype (G) by environment (E) interaction variance. 
cAn estimate of genetic variance among families. 
^An estimate of among families heritability on a progeny mean basis. 
®An estimate of the mean of all families evaluated prior to seleciton. 
(An estimate of the mean of all selected families. 
SEquals Xg - Xp. 
^An estimate of the phenolypic standard deviation among families prior to selection. 
'No estimate was available. 
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Table B18. (continued) 
Population C 
Y Parameter estimated 
C 
L 
E 
o2a OGEZb OG^ hf2d V V S.D.g Cp" 
8 0-876 0.229 0.558 0.77 8.60 9.47 0.869 0.851 
9 1-040 0-080 0.172 0.53 8.82 9.39 0.570 0.567 
0 0-419 0.129 0.39 3.52 4-25 0.730 0.898 
1 0.153 0.042 0.31 5.40 5.92 0.520 0.636 
2 0.293 0.059 0.099 0.56 6.54 7.27 0.730 1.032 
3 0.632 0-135 0.016 0 4.52 5.19 0.670 
4 0.377 0.070 0.034 0.41 7.50 7-96 0.460 0.889 
5 0.325 0.030 0.103 0.68 8.62 9.05 0.430 1.100 
6 0.304 0.066 0.091 0.63 6.74 7.31 0.570 1.079 
0 0.372 0.234 0.589 0.89 4.48 6.36 1.880 2.091 
1 1.250 0.542 0.802 0.67 4.02 5.77 1.750 2.673 
2 0.784 . 0.215 0.456 0.69 5.22 6.25 1.030 1.987 
3 0.658 0.484 0.278 0.51 4-65 5.57 1.120 0.741 
0 0.149 0.208 0.81 4-20 4.59 0.391 0.508 
1 0.341 0-023 0.169 0.71 5-61 6.05 0.550 0.487 
2 0.431 0.046 0.028 0.37 4-54 4.80 0.260 0.275 
3 0.260 0.075 0.068 0.46 7-71 8-25 0.540 0.386 
4 0.235 0.058 0.057 0.56 7.47 7.95 0.482 0.318 
BS13(S) 
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Table B18. (continued) 
Population C 
Y Parameter estimated 
C _ __ 
L o2a hf2d X/ S.D.g 
5 0.876 0.121 0.110 0.44 6.75 7.64 0.891 0.500 
6 0.813 0.116 0.329 0.72 7.20 8.25 1.051 0.709 
7 0.854 0.129 0.208 0.53 8.08 9.23 1.150 0.627 
8 1.047 0.113 0.105 0.40 8.38 9.00 0.620 0.514 
9 1.040 0.080 0.172 0.53 8.82 9.39 0.570 0.567 
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APPENDIX C TABLES FOR SECTION H 
Table Cl. X matrix used for estimating the genetic parameters of the Smith (1983) model 
Row Column 
1 2 3 4 5 6 7 8 9 10 11 
1 1 2 0 0 0 0 0 0 0 0 0 
2 1 2 0 0 0 4 4 8 0 0 0 
3 1 2 0 0 0 8 8 32 0 0 0 
4 1 2 0 0 0 12 12 72 0 0 0 
5 1 2 0 0 0 14 14 98 0 0 0 
6 1 2 0 0 0 14 14 98 4 4 8 
7 1 2 0 0 0 14 14 98 8 8 32 
8 1 2 4 4 8 0 0 0 0 0 0 
9 1 2 8 8 32 0 0 0 0 0 0 
10 1 2 12 12 72 0 0 0 0 0 0 
11 1 2 16 16 128 0 0 0 0 0 0 
12 1 2 20 20 200 0 0 0 0 0 0 
13 1 1 0 0 0 0 0 0 0 0 0 
14 1 1 0 0 0 4 2 4 0 0 0 
15 1 1 0 0 0 8 4 16 0 0 0 
16 1 1 0 0 0 12 6 36 0 0 0 
17 1 1 0 0 0 14 7 49 0 0 0 
18 1 1 0 0 0 14 7 49 4 2 4 
19 1 1 0 0 0 14 7 49 8 4 16 
20 1 1 4 2 4 0 0 0 0 0. 0 
21 1 1 8 4 16 0 0 0 0 0 0 
22 1 1 12 6 36 0 0 0 0 0 0 
23 1 1 16 8 64 0 0 0 0 0 0 
24 1 1 20 10 100 0 0 0 0 0 0 
25 1 2 0 0 0 0 0 0 0 0 0 
26 1 2 0 0 0 4 4 0 0 0 0 
27 1 2 0 0 0 7 7 0 0 0 0 
28 1 2 0 0 0 7 7 0 4 4 0 
29 1 2 4 4 0 0 0 0 0 0 0 
30 1 2 8 8 0 0 0 0 0 0 0 
31 1 2 10 10 0 0 0 0 0 0 0 
32 1 2 4 4 0 4 4 0 0 0 0 
33 1 2 6 6 0 7 7 0 0 0 0 
34 1 2 10 10 0 7 7 0 4 4 0 
35 0 0 0 0 0 0 0 0 0 0 0 
36 0 0 0 0 0 0 0 0 0 0 0 
37 0 0 0 0 0 0 0 0 0 0 0 
38 0 0 0 0. 0 0 0 0 0 0 0 
39 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 
41 0 0 6 6 0 0 0 0 0 0 0 
42 0 0 10 10 0 0 0 0 0 0 0 
43 0 0 0 0 0 7 7 0 0 0 0 
44 0 0 0 0 0 7 7 0 4 4 0 
45 1 2 20 20 200 0 0 0 0 0 0 
46 1 2 0 0 0 14 14 98 8 8 32 
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Table C2. List of genetic parameters for Beta matrix for Smith (1983) genetic model in 
relation to the X matrix 
Column in Genetic Population(s) which genetic 
Xmatrix parameter parameter refers to 
1 AOI BSSS(CO) 
2 DOI BSSS(CO) 
3 ALI BSSS(R) 
4 DU BSSS(R) 
5 DQI BSSS(R) 
6 AU BSSS(HT) 
7 DU BSSS(Hr) 
8 DQI BSSS(HT) 
9 AU BS13(S) 
10 DU BS13(S) 
11 DQI BS13(S) 
12 HQI'I BSSS(R) X BSSS(HT) 
13 HQI'I BSSS(R) X BS13(S) 
14 BO BSSSCOxBSCBlCO 
15 B1 BSSS(R)CN X BSCB1(R)CN 
16 B2 BS13(S)CN X BSCB1(R)CN 
17 B3 BSSS(HT)CN X BSCB1(R)CN 
18 BO BSSSCOxMon 
19 Dm BSSS(R)CNxMol7 
20 DLI'I BSSS(HT)CNxMol7 
21 DLIl BS13(S)CNxMo 17 
22 HQI'I BSSS(R)CN X BSCB1(R)CN 
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Table C3. List of entries for Y matrix for Smith (1983) genetic model in relation to X matrix 
Row Entry 
1 BSSSCO 
2 BSSS(HT)C2 
3 BSSS(HT)C4 
4 BSSS(Hr)C6 
5 BS13C0 
6 BS13(S)C2 
7 BS13(S)C4 
8 BSSS(R)C2 
9 BSSS(R)C4 
10 BSSS(R)C6 
11 BSSS(R)C8 
12 BSSS(R)C10 
13 BSSSCOself 
14 BSSS(Hr)C2self 
15 BSSS(HT)C4self 
16 BSSS(Hr)C6self 
17 BS13C0self 
18 BS13(S)C2self 
19 BS13(S)C4self 
20 BSSS(R)C2self 
21 BSSS(R)C4self 
22 BSSS(R)C6self 
23 BSSS(R)C8self 
24 BSSS(R)C10self 
25 BSSSCO 
26 BSSS(HT)C4 x BSSSCO 
27 BS13C0X BSSSCO 
28 BS13(S)C4 X BSSSCO 
29 BSSS(R)C4 x BSSSCO 
30 BSSS(R)C8 X BSSSCO 
31 BSSS(R)C10 X BSSSCO 
32 BSSS(R)C4xBSSS(HT)C4 
33 BSSS(R)C6 x BS13CO 
34 BSSS(R)C10 X BS 13(S)C4 
35 BSSSCO xBSCB ICO 
36 BSSS(R)C6xBSCBl(R)C6 
37 BS13(S)CO X BSCB1(R)C6 
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Table C3. (continued) 
Row Entry 
38 BSSS(R)C10 X BSCB1(R)C10 
39 BS13(S)C4 X BSCB1(R)C10 
40 BSSSCOxMol? 
41 BSSS(R)C6xMol7 
42 BSSS(R)C10xMol7 
43 BS13(S)COxMol7 
44 BS13(S)C4xMol7 
45 BSSS(R)C10 
46 BS13(S)C4 
Table C4. Combined analysis of variance of crosses, selfs, and populations per se for five traits for the Smith (1983) genetic 
model experiment conducted in 10 environments 
Mean sqvargs 
Source of Variation d.f. Root lodging Stalk lodging Dropped ears Grain yield Grain moisture 
% —Mg ha*'— 
Environments(E) 
Replications/E 
9 79647.40** 37165.89** 15.38** 263.21** 2186.40** 
20 652.34** 560.75** 0.67 4.15** 8.55** 
Entries (G) 49 . 606.20** 802.04** 1.91** 88.72** 49.63** 
GxE 441 163.49** 242.52** 1.28 1.33** 6.44** 
Residual 980 67.37 97.51 1.15 0.86 3.73 
Corrected total 1499 
**Significant at 0.01 level. 
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CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO ca ffi coco 
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EXPERIMENT 83068 
PEDIGREE 
BS13(S)C0-7711 
BS13(S)C0-7712 
BS13(S)C0-7714 
BS13(S)C0-7716 
BS13js)C0-7717 
BS13(S)C3-7786 
BS13(S)C3-7787 
BS13(S)C3-7788 
BS13(S)C3-7789 
BS13(S)C3-7790 
BS13|S)C3-7791 
BS13 S)C3-7793 
BS13(S)C3-779lt 
BS13 S)C3-7797 
BS13(S)C3-7798 
BSSSCO -7081 
BSSSCO -7'I82 
BSSSCO -7't85 
BSSSCO -7«I86 
BSSSCO -7487 
BSSSCO -7489 
BSSSCO -7'(91 
BSSSCO -7492 
BSSSCO -7«I9I» 
BSSSCO -7'I95 
BSSS(R)C5-76l|6 
BSSS R 05-76117 
BSSS|R)C5-76I(B 
BSSSjR)C5-76l»9 
BSSS(R)C5-7651 
BSSS(R)C5-7652 
BSSS(R)C5-7655 
BSSS R C5-7656 
BSSS(R|C5-7659 
BSSS(R)C5-7660 
PLANTS 
YIELD PER HA 
MG/HA XI000 
2.93 56.8 
3.35 62.1 
3.35 56.8 
1.02 56.8 
58.5 
3.68 60.9 
'1.32 56.2 
3.58 53.2 
'1.21 60.3 
3.82 60.9 
4.11 65.7 
3.62 62.7 
2.96 62.7 
3.89 61.5 
5.80 62.1 
1.99 52.0 
1.70 58.5 
2.20 53.8 
3.29 60.3 
1.15 59.1 
1.07 55.6 
1.45 61.5 
3.88 66.9 
2.73 '17.8 
3.39 63.3 
3.35 54.4 
1.57 42.4 
2.28 58.5 
2.47 56.8 
1.42 63.3 
2.19 53.2 
4.06 61.5 
3.02 60.9 
3.08 63.3 
1.63 63.3 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
...... 
"% 
33.3 86.0 2.0 0.0 
40.0 32.7 4.8 0.0 
36.9 1.2 1.9 0.4 
40.0 3.3 2.2 0.0 
34.9 16.3 7.1 0.0 
32.6 2.9 5.8 0.0 
35.9 50.4 3.0 0.0 
37.5 13.5 30.8 0.0 
37.3 52.2 7.8 0.4 
35.4 58.8 20.6 0.0 
37.4 41.8 3.6 0.0 
40.0 0.0 1.0 0.3 
37.4 51.4 4.8 0.0 
36.0 75.4 12.6 0.3 
37.0 60.7 10.6 0.0 
37.8 2.3 6.8 0.5 
39.8 3.1 4.1 0.0 
36.0 6.7 10.5 0.8 
40.0 7.0 3.9 0.4 
36.1 4.0 1.0 0.3 
38.5 0.0 6.3 0.0 
34.0 4.9 5.0 0.0 
37.1 28.3 25.9 0.0 
39.7 4.1 2.5 0.0 
31.0 13.9 13.4 0.4 
37.7 6.4 8.2 0.0 
36.3 30.7 •5.6 0.0 
31.8 24.5 6.1 0.3 
38.8 2.0 5.3 0.0 
40.0 0.0 1.0 0.0 
40.0 3.6 5.7 0.0 
28.5 34.0 5.8 0.7 
40.0 1.0 10.8 0.0 
40.0 5.7 11.3 0.0 
34.8 0.0 1.9 0.0 
EXPERIMENT 83068 
PEDIGREE 
BSSS(R)C9-7561 
BSSS(RJC9-7562 
BSSS(R)C9-756I| 
BSSSjR)C9-7565 
BSSS(R)C9-7566 
BSSS(R)C9-7568 
BSSS(R)C9-7569 
BSSS(R)C9-7570 
BSSS(R)C9-7571 
BSSS(R)C9-7573 
YIELD 
PLANTS 
PER HA 
BS13C0 
BS13C0 
BS13C0 
BS13C0 
BS13C0 
BS13C0 
BS13C0 
BS13C0 
BS13C0 
BS13C0 
-7719 
-7721 
-7723 
-7727 
-7728 
-7731 
-7732 
-7733 
-7734 
-7737 
BS13 
BS13 
B513 
BS13 
BS13 
S)C3-7799 
8)03-7800 
8103-7801 
8)03-7801» 
8)03-7805 
BS13(S)C3-7807 
BS13(S)O3-7809 
BS13(S)C3-7813 
BS13(SjC3-781l| 
BS13(S)C3-7815 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
-7I»97 
•71198 
-7l»99 
•7500 
•7501 
MO/HA X1000 
lj.37 
5.25 
3.85 
3.59 
3.75 
<4.35 
5.68 
3.29 
5.08 
'J.30 
2.33 
3.73 
1.83 
'1.55 
2.70 
3.97 
3.08 
3.82 
<t.63 
2.51 
5.16 
3.85 
3.81 
2.37 
3.47 
3.39 
'1.71 
3.75 
2.76 
2.16 
1.83 
0.50 
2.99 
1.52 
59.7 
64.5 
55.6 
62.7 
66.9 
60.9 
60.9 
62.7 
62.1 
62.7 
58.0 
60.9 
56.2 
60.3 
54.4 
61.5 
61.5 
58.5 
63.3 
61.5 
60.3 
62.7 
49.6 
59.7 
49.6 
62.7 
59.7 
62.1 
61.5 
68.1 
61.5 
60.3 
55.6 
59.7 
60.9 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
"T "%" "% 
25.3 9.7 17.5 0.0 
30.0 11.1 1.0 0.0 
39.7 0.9 5.6 0.3 
31.3 0.9 11.4 0.5 
36.9 0.0 0.9 0.0 
29.6 41.5 9.4 0.0 
39.0 0.0 1.9 0.4 
34.5 41.9 10.4 0.0 
32.0 9.8 7.7 0.0 
32.5 0.0 1.0 0.0 
36.5 27.3 4.7 0.0 
40.0 64.6 3.0 0.0 
29.4 51.0 11.7 0.0 
37.6 72.6 1.9 0.3 
29.2 41.6 7.7 0.0 
38.1 66.9 1.9 0.0 
40.0 70.9 0.0 0.0 
40.0 0.0 5.1 0.0 
34.3 26.3 11.5 0.3 
29.4 2.0 1.9 0.0 
39.8 67.4 1.0 0.0 
35.6 38.9 3.8 0.0 
40.0 2.3 7.0 0.1 
38.9 38.6 2.8 0.0 
39.6 55.3 11.0 0.0 
28.1 0.0 14.2 0.0 
30.0 57.3 16.7 0.4 
36.8 23.8 1.7 0.0 
35.2 45.9 28.4 0.4 
38.6 10.5 13.2 0.0 
40.0 4.8 2.9 0.0 
26.7 0.0 6.5 0.3 
40.0 0.0 12.0 0.0 
27.2 18.7 32.8 0.0 
38.1 0.0 2.0 0.0 
EXPERIMENT 83068 
PLANTS 
PEDIGREE YIELD PER HA 
MO/HA XI000 
BSSSCO -7503 2.84 62.1 
BSSSCO -7501» 0.85 58.0 
BSSSCO -7505 1.l|8 62.1 
BSSSCO -7506 1.47 62.1 
BSSSCO -7508 1.68 58.5 
BSSS(RIC5-766I 1.97 52.0 
BSSS(R)C5-7662 1.85 45.4 
BSSS(R)C5-7663 3.51 49.6 
BSSSiR 05-7666 1.66 56.8 
BSSS(R)C5-7667 2.45 49.0 
BSSS(R)C5-7668 3.35 62.1 
BSSS(R)C5-7672 2.50 60.3 
BSSS(R)C5-7673 1.41 59.1 
BSSS R)C5-7674 3.01 66.3 
BSSS(R)C5-7675 3.24 61.5 
BSSSjR)C9-7574 3.08 62.1 
BSSS R C9-7577 4.39 63.9 
BSSS R)C9-7579 3.82 65.1 
BSSSiR)C9-7581 3.55 61.5 
BSSS(R)C9-7582 2.76 58.0 
BSSS 
BSSS 
BSSS 
BSSS 
BSSS 
R)C9-7583 4.99 60.9 
R)C9-7586 3.10 63.9 
R)C9-7587 3.81 60.9 
R|C9-7588 4.81 65.1 
R)C9-7592 3.43 65.1 
BS13(S)C0-7738 2.70 65.7 
BSI3(S|C0-7739 3.56 62.1 
BS13(S)C0-7740 4.24 58.5 
BS13(S|C0-7741 3.36 60.9 
BS13(S)C0-7742 3.87 52.6 
BS13(S)C0-7746 3.09 60,9 
BS13(S)CO-7750 2.65 57.4 
BS13(SjC0-7751 3.32 36.4 
BS13(s»C0-7755 2.76 63.9 
BS13(S)C0-7756 1.74 61.5 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
"T % "T 
35.4 4.7 17. 2 0.0 
40.0 0.0 13.3 0.0 
36.4 0.0 3. 8 0.4 
28.5 6.3 15. 9 0.3 
36.1 0.0 5. 0 0.0 
28.7 0.0 8. 0 0.2 
40.0 0.0 19. 8 0.0 
31.5 8.4 9. 7 0,0 
40.0 0.0 5. 3 0,0 
30.5 1.3 1. 1 0.0 
36.1 6.6 16. 6 0.2 
40.0 8.8 21. 6 0.0 
28.1 52.1 38. 9 0.3 
29.5 3.6 7. 2 0,0 
31.8 8.7 3. 8 0,3 
40.0 2.8 6. 6 0.3 
39.8 0.0 6. 6 0.0 
31.1 4.6 10. 2 0.3 
33.3 10.8 24. 3 0,4 
37.6 7.6 2. 0 0.0 
33.4 7.4 5. 9 0.3 
38.8 0.9 6. 6 0.0 
35.6 0.0 2. 9 0.4 
36.4 21.3 12. 9 0.0 
31.5 0.0 1. 8 0.0 
24.2 31.4 4. 5 0.0 
39.8 42.3 1. 9 0.0 
40.0 57.3 2. 1 0.0 
36.8 49.8 12. 2 0.4 
• 40.0 4.6 6. 7 0,0 
33.0 4.9 10, 9 0.4 
39.8 28.4 9, 4 0.0 
24.9 4.3 5, 5 0.0 
32.2 82,7 10. 3 0,0 
33.0 0.9 0. 9 0.0 
EXPERIMENT 83068 
PEDIGREE 
BS13(S)C3-7816 
DS13(S)C3-7017 
BS13{S)C3-7818 
DS13(S)C3-7819 
BS13(S)C3-7821 
BS13(S)C3-7825 
BS13(S)C3-7827 
BS13(S)C3-7829 
BS13(S)C3-7830 
BS13(S)C3-783I* 
eSSSCO -7509 
BSSSCO -7510 
BSSSCO -7511 
BSSSCO -751U 
BSSSCO -7515 
BSSSCO -7517 
BSSSCO -7518 
BSSSCO -7519 
BSSSCO -7520 
BSSSCO -7523 
BSSS(R)C5-7677 
BSSS|R)C5-7678 
BSSS(Rjc5-7679 
BSSSiR C5-7680 
BSSS(R)C5-7682 
BSSS(R)C5-768I| 
BSSSIR)C5-7685 
BSSS R C5-7606 
BSSS(R)C5-7689 
BSSS(R)C5-7691 
0SSS(RlC9-759'< 
BSSS(R)C5-7595 
BSSS R C5-7596 
BSSSiR)C5-7598 
BSSS(R)C5-7600 
PLANTS 
YIELD PER IIA 
MG/HA XI000 
3.'41 63.3 
I.OI 63.9 
1.80 63.9 
2.55 62.7 
4.82 61.5 
2.1'l 58.0 
3.29 63.3 
l».i»9 65.1 
4.10 61.5 
4.18 60.9 
3.16 62.7 
2.62 55.0 
0.60 58.0 
3.43 58.5 
1.91 49.6 
1.76 60.3 
1.60 55.0 
1.08 53.2 
0.95 51.4 
3.42 49.6 
2,54 49.6 
2.77 56.8 
3.81 57.4 
3.33 63.3 
3.40 39.4 
3.71 49.6 
3.61 46.0 
1.65 60.9 
2.44 51.4 
2.84 45.4 
2.33 61.5 
3.99 53.8 
5.51 60.9 
2.64 50.8 
3.49 59.7 
ROOT 
MOIST LODGED 
% % 
28.4 0.0 
37.3 21.6 
33.2 36.8 
29.3 11.4 
36.1 42.7 
39.4 0.0 
40.0 21.0 
36.9 61.2 
40.0 0.0 
25.5 32.5 
40.0 0.9 
40.0 52.1 
33.5 2. 1 
40.0 0.0 
30.6 8.5 
38.7 0.0 
34.0 0.0 
40.0 3.4 
33.1 9.2 
31.3 2.1 
35.8 0.0 
33.2 10.1 
32.1 2.0 
40.0 16.1 
33,7 1,3 
30.5 1.3 
35.9 0.0 
36.6 0.0 
32.0 2.4 
29.6 3.6 
35.0 12.0 
35.5 3.0 
33.5 0.0 
38.6 1.2 
37.8 0.0 
STALK DROP 
ODGED EARS 
"T" "T 
14.1 0.0 
9.4 0.0 
32.4 0.3 
24.6 0.0 
9.7 0.0 
6.5 0.3 
0.9 0.0 
0.9 0.0 
4.8 0.0 
21.5 0.4 
12.4 0.4 
7.1 0.0 
17.3 0.0 
8.3 0.5 
25.4 0.6 
10.1 0.6 
2,2 0.0 
1.1 0.0 
0,0 0.0 
11.2 0.0 
9.6 0.3 
15.3 0.5 
10,2 0.4 
15.0 0.0 
18.3 0.0 
' 8.4 0.0 
6.6 0.1 
0.0 0.4 
4.7 0.0 
8.3 0.1 
26.9 0.3 
6.3 0.3 
7.9 0.9 
3.6 0.0 
5.9 0.5 
EXPERIMENT 83068 
PEDIGREE 
DSSS(R)C5-7602 
BSSS(R C5-7603 
BSSS<RjC5-760l« 
BSSSin)C5-7605 
BSSS(R)C5-7607 
BS13(S)C0-7757 
BS13(S)C0-7758 
BS13(S CO-7760 
BS13(S)C0-7761 
BS13(S)C0-7763 
BS13(S)C0-7765 
BS13 sjcO-7767 
BS13(S)C0-7770 
BS13 S)C0-7771 
BS13(S)C0-7772 
BS13(S)C3-7635 
BS13iS)C3-7837 
BS13(s)C3-7839 
BS13(SjC3-78l»5 
BS13(S)C3-7850 
BS13(S)C3-7853 
BS13(S)C3-7857 
BS13(SjC3-7863 
BS13 S)C3-7666 
BS13(S)C3-7870 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
-7524 
-7525 
-7526 
-7527 
-7530 
-7532 
-7534 
-7535 
-7540 
-7542 
YIELD 
PLANTS ROOT STALK DROP 
PER HA MOIST LODGED LODGED EARS 
MO/HA X1000 % % % % 
2.00 47.2 24.0 1.6 13.1 0.0 
5.27 59.7 29.6 2.0 2.0 0.0 
2.31 61.5 39.5 0.0 7.7 0.0 
3.71 62. 1 32.9 10.6 3.8 0.0 
4.08 62.1 33.9 3.8 9.5 0.0 
2.80 61.5 39.8 5.8 0.0 0.0 
2.45 60.9 40.0 64.3 1.0 0.0 
2.58 59.7 40.0 5.1 5.9 0.0 
3.75 57.4 40.0 1.0 1.1 0.0 
2.56 58.0 40.0 1.0 1.0 0.0 
1.83 62.1 36.3 0.0 3.9 0.4 
2.98 60.9 33.6 0.0 2.9 0.2 
4.71 56.8 31.3 3.2 6.3 0.0 
3.37 56.8 34.8 6.9 3.1 0.0 2.66 59.7 35.8 40.7 11.9 0.0 
5.99 63.9 36.5 15.0 0.9 0.0 
2.23 65.7 30.4 0.0 3.6 0.0 
2.81 57.4 25.8 0.0 5.3 0.0 
4.61 59.1 30.2 9.0 5.0 0.4 
4.42 65.7 37.3 10.0 19.0 0.0 
3.44 52.6 28.8 0.0 4.3 0.0 
6.32 62.7 35.0 16.2 10.5 0.0 
5.67 66.3 31.5 6.9 10.5 0.0 
4.21 55.0 34.9 10.8 6.6 0.5 
4.42 58.0 38.0 0.0 2.2 0.0 
1.73 56.8 38.3 60.0 8.4 0.0 
2.55 59.8 32.1 9.0 12.0 0.0 
0.67 66.i 32.0 0.9 6.4 1.0 
4.16 60.3 32.6 2.1 10.8 0.0 
2.44 57.4 37.8 8.3 12.6 0.0 
1.55 59.1 26.6 5.9 8.3 0.0 
1.74 49.0 39.8 35.4 4.9 0.0 
0.75 65.7 37.2 50.0 0.9 0.0 
1.17 55.0 26.3 4.9 14.2 0.0 
1.12 56.2 32.6 1.1 0.0 0.5 
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ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% % % % 
38.7 10.8 6.1 0.0 
27.7 27.1 18.7 0.3 
26.5 32.9 35.7 0.0 
30.7 38.4 29.2 0.6 
28.1» 25.1 214.8 0.1» 
35.0 m.3 8.5 0.1 
152 
C.CA I 
o w I 
eooooo 
roOOOO 
OOOOO 
CVJOOOtO 
OOOOO 
f— o o ^  o 
cvioooo 
^^OOCNJ 
OOOOvO 
^oo*oo 
t-OOOO 
oo o o 
OOOOO 
^ ^  O O O 
I 
u I • • • • • <o t ^ a'Omr.iA 
H- O I ^ OJ CNJ ^ 
coo I I 
«^r»CD<OfV CU^»—eoo 0\^OiAf^ P^iAOvNO^ 
so CO ^ NO fO to*— *— mccoN ^ ••CM OPOvOtf\P«-(\f #* ^ 
CNJNOCVOCM 
 ^ CO 
00^-O9VE0 
or* coo 
DvOOv^O 
^ CU CVl fO ^ 
KO I O W I OO I ^ end I 
S !  
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ocuooo 
(/> I 
O I Z I 
^ O CO ^ OvCO^fOr^ CO CO ^ CO CvJ COCVJO^CU CO^^OO ^ tfN ^  VO W CO fO V" fO 
>ovor-^ w CVICMCUCNJCM OVlfMTlOVfO •- eu CNJ C\J OJ CU CVi ^ CM mu\a^coa" CSJ CVJ CSJ ifvCMxO»-^ CVJ CM CM CM CVJ f— CMCMCM^CM a ^  ro^ NO CMCMCVJCMCM 
CO NO 
o a" 
CO 
w 
z 
g 
w fi. 
5 
0)< I o £ = ! §  
<c: I #-
O I = 
w ! o 
>  I  ^  
\ommif\cB o o vo •— CO moostTvirt o »- o ru xommrovs vo CO O fT) •— 
ONO O ^  O CNONONO Lf\ 
CO CM CM tf\h-irvp*r* 
ooeocMOv voNOmsoiTv 
eoco^ifia^ 
O CO ^ NO lAtHNONO 
OvOvtfXON^ ctrvoooN 
ITVCM ONOON ir\voiAN04n 
NO CO (fs CM CO cocomm 
CO ^ O CO (f\ NO NO NO (ft 
^ jcoeofo CCMf^OvO^ 
IAONO OCNJ 
CA (TWO NO NO 
O JPO^CM CM coca-CO 
CM CO CM CO^ NOtnvoa'NO 
COOroCOO CMO^h-tf> 
*— O CM ^ CM ^ ^  O ^  ^  CMOCM^O 0"^0^f0 ^CM^»"CM CM »• CM CM CM fO rO CU ^ 
r-oD ON CM CO tfWOCOcO o 
NOVO Nor-r* f^r^r^co CO a-a-a- a N» P*" r*» p^ M 1 1 1 1 1 l i l t  1 
W 1 
c: 1 OO ooo oooo o O 1 oo ooo oooo o 
— 1 CO CO CO CO CO CO CO CO CO CO O 1 CO CO CO CO CO CO CO CO CO CO W 1 CO CO coco CO CO CO CO CO CO 0. i OO ooo oooo o 
^ CO o ^  ^  
CM CM CO CO CO 
VO NOVO NO NO fw p*. f*" 
f t I I t IfMAlfMfMTN ooooo 
r~co *- CM (f\ 
«ocoa^r^ 
NOVO NO NO NO r— p*" p* f** 
t I I I t 
tfStfMTilfMPv ooooo 
r* ON o ^  CM a-a^irvirvirv IfMfNtfMfMA 
^ M" 
1 I I I I OnONOV^ON ooooo 
ro JiAOnO IfMfNlAtfNNO ir\ ifMA IfMfN f*» P*m r*p 
I 1 J I t Ov ON ON ON ON ooooo 
gcezecg ecci.e£cc,ec eeece eccczco: (ACQ (A (/)(/) 
CO C/) CO CO CO 
CO CO C/3 CO CO 
CD COfiS O C3 
CO CO CO CO CO 
CO CO CO CO CO 
CO CO CO CO CO 
ea G3 fi CD ffi 
CO CO CO coco 
CO CO CO CO CO 
CO CO CO CO CO ooooo 
CO CO CO CO CO 
CO COCO CO CO 
CO COCO CO CO 
CO CO O O CO 
Nor^cooxo oooo^ p*» p^ p*" f*" r** p* r*p^ h» ; : # I ; 
ooooo ooooo 
CO CO CO CO CO 
CO CO rococo 
CO CO CO CO CO ooooo 
03 G9 o C3 o CO C0C/3CA O) 03C/3C/3COCO 
CO C/3 C/> C/) 09 
G3 03 C9 03 03 
CO CO CO CO C/3 
CO CO CO CO CO 
CO CO CO CO CO 
33333X3 33333 
00000 vnvnvjivjTvji 1 I I t 1 
—4 -U OwONO\CvOv Ovvjtvjtvji VJ1 ONOOwji ro 
00000 vjtvrvjivnvn 1 I I i I 
-4-Ni-<4 ^  -g 9vO\OvOvO\ 
^NOC9*>JO\ 
3 O O C3 03 
CO CO CO CO CO 
CO CO CO CO CO 
CO CO CO CO CO 
ooooo OOOOO 
I I I I I 
-«J —J rccg-jr \0\0\0\0CD 
0303 03 03 
CO CO CO CO CO 
CO CO CO CO CO 
CO CO CO CO CO 
ooooo 
ooooo 
0)03 CD 09 09 Osvji ro 
3 3 333 
CO CO CO CO CO 
tw www w 
CO CO CO CO CO 
00000 w w w w w 1 I I I I 
\0\0\0\0\0 W^ 
3 3 3 3 3 
CO CO CO CO CO 
WWW WW 
CO coco coco 
o'oo'o'o w w w w w I t I I I 
^ -J —J *«J 
^ -«4 -«J -si ««J 
>OC9CDC9CD ONOCD-«iON 
33333 
CO CO CO CO CO 
w w w w w 
coco CO CO CO 
I "3 
is I o I 3 
OOOOO 00000 1 I I I 1 
*4 -sj -«J -»J —j 
-J —4 «*4 -4 
•*w I m I m 
^w^ww —* fo ro -
3 w w*g\ji R\3^3VORO 
^^oo^ fOw(N3« '^toiuwrc w w na ^ 
3IN3W^r\3 \0 3 OVJ1NO O WCD^ff Wf VJ10VJ1 CD ^ W *4 CD \o\o rv c w ON ru — r\3 O0\oro-* VJîO^NO W 
3 I -O » m 
^!5 
X 
m 3 
VJ) ONOvUIVJ) 3 o rovo o VJ10\CV^C> vo^^o\ro VJtVJiOvOVVJ) \OVJi PO -*vO O^OWJÎVJIVJ» roo w wos 0\0\0\CW1 roroooo 0\ CWJI GW1 ^ O Cv C\ 0\ ON ON rooro^o 
0\NO ON «4U1NJ)0«^ {>30N—^VJIR\9 -*VO 3 CD RV3 —FT WW ON VJLWF\JTRO ^W-^VJIW 
I ^ X I PHP-
— I 3> O I z O I =-« O I >co 
3 c 
o ON 3 
^ f\3 rNj — ro 3-4WvOf ro fo ro ro Po oo fo fo ro -* fo VJ1NOVJ1 fNsrowM-* ONVJ1W-4NO p\3 ro f\] ro CO o ro rorofororu w w w o ^  ro ui ro ro (\? -*o —*NO ro 
>0 .£• On O O ON ro ON wnO On On On O JnO VJî ^ w^OVJtNû w OnU^ •? -* wOn^vjt^ 
!i 
• CO I -4 
ooooo oorvdoo o o ^ oo ooooo OOOOO ooooo ooooo 
ooooo OONOOO • OONOOO ooooo ooooo ooooo ooooo 
w ro —* ONOO^ON M^^W ^ONONO^ ONONO -»ro f o rvdf iNO ro«*j OWOONONO NOONf-f ro NOO ON ^ O 
fovjî ro o —» orooNOON fOONOON^ 03<^0^ £'3^VJ10 ONO -"«J ONO 
ooofNdO 
OOOONO 
f rooo-^ 
ONO**JOO 
ooooro 
o'o ooo 
1.
1 0.
0 1.
1 0.
0 1.
0 
ooooo 
ooooo 
ooooo 
ooooo 
oo rooo 
OONOOO 3% 
I O 
I 33 
I m o I o-J 
I O CO I O-l 
I mo I > 3 
ZSl 
154 
^co 
1 
1 
1 
Of-OOCO OOsOOO OOOOO OOOOO oomoo ooooo ooocoo 
o 0: 
§2 
O a ^  ocuo^o O*— CM O ^  O o ^  ^  o o^ oo OOf-OO ooo^o 
Î52 
, VO PO ITSCJ P^ iTvP-O or*-0\c0\0 sOOsOOsCO O O^ *- CO coifNsomos OCM coa-o 
<o ! 0\mcJc\Ô fO P- C\J CVJSO CM r~- c c if\ OS CO to CM J ^POCO^^ CO PO J CM so r*osocoo 
h-O 1 •— CVJ CM 
COO 1 1 
HO , ooooo ooooo OOOOsO 0\0000 OOOOO OOOOO OsOOOO 
o w 1 
oo t ^ OOOOO ^oooo O O o^ ^  OJOOOO «- OOOO o ^  o o o ^ o o o o 
0:0 
3 
1 1 1 
H- ! O COiTx ^ ^  ocu^^cj CM a" r~- pn os p^incMso#- CsOOsOPO ^ ^  0«3*P*" iTs O sO \0 *— CO 
OCJ^CO^ iT CM PO co^ OsO\OsPO O PO CM ^ CO CM so O CM JT *- OS CM CM ^ CM POesCMOsOv 
1 Î CJ C\J OJ ^ CNJ C\J CUCSJ'-CM CM ^ ^  CM CM CM CV CM ^ CM CM CM CM CM CM •- CM CM CM CM CM ^ CM ^ ^  
<0< 1 o 0\ CO o CVJ ^ ^ «— OsvO^ osmeo^ ^eooop*" in ^  so ir\ o\ 
CO *- = t o 
o z 1 o o m CO o\ cu CM CJ OOP^ O^ Os CM ^ OOOCMCM CM O^CM CO CM ^ CM CM ^CM iT»^ O 
o <0: 1 ^ so irMTvlAsO VOVOVOU'MA VOSO ITS so VÔ SO so sO NO so so irMTSJASO \0 SO SO SO SO so so m so so 
a" u w 1 X 
CO 0.0. 1 
H" < 
Z a CO ^ vo r*^ r»* CO OS O ITSIA O O »** CM O so ^  ^  PC COCOsOiTvO SO CO r-» CM o P^atTvCO O 
w —1 * > en 0\ CO ^ OS lf\ ^ CSj so fC COOStTNCNPT) lA O 0\ lA O so PO CsOs ^socr-CM lf\ ^  lf\ CM f~-Z LU t o 
— 1 z mcycy focy ^ <*5 CM ^ CM CM CM PO CM p^ CMPOCVJ ^ f mm CM CM PO PO ^ if PO ^ ^  OCM O 
O. 
X 
LU 
W c o 
ô UJ 
^ CNJ^lANO \0 NÛ VO VOVO ITMA tr\ tTitTN P"* f*» I t I I I 
Os 0\ Os Os Os OOOOO 
00 OsO vo sû r- h- r«^ 
1 1 : 1 1  0^0\^0s0s 
O O O O O  
Kc: 0:0:0: eggce 
(O (C (/>(/) (C (/) CO CO coco 
CO CO CO CO CO OdocacD 
CO CO CO CO CO 
CO CO CO CO CO 
CO CO CO CO CO 
O CS CD OCQ 
o\ po CO 
cu CO oj cy 
^ p*— 
I I I I I 
O O O O O  
ooooo PO PO ro fO «*3 
COCO CO CO CO 
CS O fi CD CD 
fOfOfO ro fO 
r*» I I I I I 
ooooo 
ooooo ro fO fO eo fî 
COCO CO CO CO 
CD CS CD O CD 
OsO^^ff iTv 
O S O O  O O  r^cocooeo 
I I I I I CO CO CO fO fO 
ooooo 
CO CO CO CO CO 
<*> fO CO cj fO 
CO COCA CO CO 
CD CD CD CD CD 
r- O\coa iTN 0 o ^  
CO CO CO CO CO 
1 I I I I 
CO rr> m r> « OOOOO 
CO CO CO CO CO 
PO fO fO fO PO 
CO CO CO CO CO 
CD O s CD CD 
P*» O OsO ^  
ONOVOSO O 
a'^ ciTiin h* p** ^ r* I I I I I 
O O O O O  
ooooo 
CO CO CO CO CO 
CO CO CO CO CO 
CO CO CO CO CO 
CD CD CD CO CD 
EXPERIMENT 81068 
PEDIGREE YIELD PERCHA 
MO/HA X1000 
BSSSCO -7503 2.65 61.5 
DSSSCO -7501 0.12 62.1 
BSSSCO -7505 1.02 60.9 
BSSSCO -7506 0.56 59.8 
BSSSCO -7508 0.75 60.9 
BSSS(R|C5-7661 2.05 59.2 
BSSS(n)C5-7662 0.29 62.1 
BSSS(R 05-7663 2.26 59.7 
BSSSjR C5-7666 1.77 61.5 
BSSSiR)C5-7667 1.37 52.0 
BSSS(R)C5-7668 2.61 61.5 
BSSS(R 05-7672 1.51 60.9 
BSSS R)C5-7673 1.33 61.5 
BSSS R 05-7671 1.61 61.5 
BSSS(R)05-7675 2.95 62.1 
DSSSIR1C9-7571 1.33 61.5 
BSSS(Rj09-7577 1.61 61.5 
BSSS R C9-7579 3.51 59.2 
BSSS R 09-7581 3.56 60.9 
BSS$(R|C9-7582 3.71 58.6 
BSSS(R)C9-7583 2.11 58.6 
BSSS R)09-7586 2.60 59.8 
BSSS(R)C9-7587 2.92 62.1 
BSSS(R 09-7588 3.00 60.3 
BSSS(R)09-7592 3.19 60.9 
BS13 
BS13 
BS13 
BS13 
BS13 
S)C0-7738 2.00 60.9 
8)00-7739 3.33 61.5 
5)00-7710 3.63 37.0 
8)00-7711 3.75 59.8 
8)00-7712 3.57 55.6 
BS13(S)00-7716 2.56 59.8 
BS13(s)C0-7750 3.11 62.1 
BS13(S)C0-7751 2.61 12.1 
BS13(8)C0-7755 3.98 60.9 
BS13(S)00-7756 1.35 60.3 
ROOT STALK DROP 
HOIST LODGED LODGED EARS 
% % % % 
23.3 0.0 26.2 3.9 
22.1 0.0 20. 2 0.0 
21.2 0.0 8. 8 2.0 
22.8 0.0 11. 0 9.0 
26.7 0.0 8.9 1.0 
21.8 0.0 13. 2 1.0 
21.1 0.0 16. 3 3.8 
19.1 0.0 23. 2 3.1 
21.3 0.0 7. 8 0.0 
20.6 1.2 3. 3 1.2 
21.1 0.0 25. 3 1.0 
20.0 0.0 57. 6 1.0 
20.1 0.0 50. 7 0.0 
21.9 0.0 10. 7 0.0 
20.7 0.0 12. 5 0.0 
22.5 0.0 12. 6 0.0 
28.0 0.0 6. 7 3.9 
22.3 1.1 3. 0 3.1 
21.8 0.0 15.7 1.0 
21.8 2,0 9. 1 2.0 
21.1 0.0 2. 9 1.0 
21.2 0.0 12.0 1.0 
20.1 0.0 19. 2 1.0 
21.0 2.0 21. 1 1.0 
21.0 0.0 0. 0 1.0 
16.7 2.0 5. 9 0.0 
25.5 1.0 3. 8 2.9 
22.1 1.1 7. 0 0.0 
20.9 1.0 6. 0 0.0 
21.6 0.0 5. 3 0.0 
20.8 0.0 18. 0 2.0 
19.7 0.0 13. 5 0.0 
19.3 0.0 12. 8 0.0 
21.8 5.9 31. 3 0.0 
20.5 2.0 1. 0 0.0 
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EXPERIMENT 8'I068 
PEDIGREE 
BSSS(R)C5-7692 
BSSS(R)C5-7695 
B5S5(Rjc5-7696 
BSSSjR)C5-7697 
BSSS(R)C5-7698 
BSSS(R)C5-7699 
BSSS(R)C5-7700 
BSSS(RjC5-7701 
BSSSjR|C5-7703 
BSSS|RjC5-7705 
BSSS(R»C9-7609 
BSSSjR)C9-7611 
BSSS(R|C9-7612 
BS5SjR)C9-7613 
BSSS(R)C9-7615 
BSSS(R)C9-7617 
BSSS(R)C9-7618 
BSSS(R)C9-7619 
BSSS(R C9-7623 
BSSS(Rjc9-7625 
BS13(S)C0-777l| 
BS13 S)CO-7776 
BS13(S)C0-7777 
BS13(S)C0-7778 
BS13|S)C0-7779 
BS13(S)C0-7781 
BS13(S)CO-7782 
BS13(S)CO-7783 
BS13 S C0-778U 
BS13(S)CO-7785 
BS13(S)C3-7872 
BS13 S)C3-7876 
BS13(S)C3-7877 
BS13js)C3-7878 
BS13(S)C3-7a80 
r iELD 
PLANTS ROOT STALK DROP 
PER HA MOIST LODGED LODGED EARS 
MG/HA X1000 % % % % 
1.10 59.2 23.7 0.0 3.0 0.0 
1.97 61.5 21.6 1.0 7.8 1.0 
3.03 41.8 23.4 1.3 3,8 0.0 
4.34 62.1 20,5 5.8 20.2 0.0 
3.05 58.6 20.9 0.0 5.0 • 0.0 
3,10 60.9 21,3 0.0 7.8 0.0 
3.59 58.0 20.6 0.0 19.0 0.0 
1.91 58.0 18,4 0.0 1.0 4.2 
1.04 60.9 22.9 0.0 3.9 0.0 
2.40 56.2 22.8 0.0 11.8 0.0 
2.42 53.2 23.0 3.7 5.9 1.2 
0.98 62.1 19.8 0.0 1.0 1.0 
2.89 61.5 19.9 5.9 8.7 0.0 
3.16 58.6 20.6 0.0 8.1 0.0 
2.84 62.1 22.4 0.0 2.9 0.0 
1.81 59.8 19.4 0.0 2.0 0.0 
1.93 60.9 23.3 0.0 5.9 0.0 
1.74 60.9 21.4 0.0 0.0 0.0 
2.41 60.3 22.3 0.0 5.0 1.0 
1.92 62.1 23.3 0.0 12.5 1.9 
4.46 60.9 17.3 0.0 10.9 0.0 
3.74 62.1 24.8 0.0 8.7 1.0 
5.31 59.2 20.0 0.0 8.1 0.0 
2.33 59.2 20.2 0.0 3.1 0.0 
3.98 61.5 21.5 0.0 30.0 1.0 
2.98 49.6 24.1 6.5 21.6 0.0 
4.15 59.8 22.1 0,0 36.3 0.0 
3.47 58.6 24.9 1.0 16.3 0.0 
2.53 55.6 23,6 2.0 1.2 0.0 2.83 60.9 22,1 5.9 16.7 0.0 
4.80 60.9 20.8 0.0 3.0 0.0 
4.90 62.1 19.6 0.0 1.9 0.0 1.18 61.5 26.4 0.0 1.0 0.0 
3.83 62.1 17.6 0.0 6.7 0.0 
5.95 58,6 19.2 0.0 8.2 0.0 
EXPERIMENT 81068 
PLANTS 
PEDIGREE YIELD PER HA 
BS13 
BS13 
DS13 
BS13 
BS13 
MG/HA XI000 
S)C3-7881 5.67 62.1 
S)C3-7882 '1.69 61.5 
S C3-788W 11.37 56.8 
S)C3-7888 2.91 62.1 
sjC3-7890 1.73 62.1 
EXPERIMENT MEAN 2.16 59.5 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
"T ""T" 
20.8 0.0 3.8 0.0 
19.7 0.0 1.9 0.0 
18.7 1.0 12.6 1.0 
20.5 0.0 7.7 0.0 
20.6 0.0 15.2 0.0 
22.1 0.7 12.2 0.9 
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EXPERIMENT 81069 
PEDIGREE 
DSSS(R)C9-7561 
BSSsiR)C9-7562 
BSSS(RjC9-756l« 
BSSSIR C9-7565 
BSSS(R)C9-7Î>66 
BSSS(R)C9-7568 
BSSS(R C9-7569 
BSSS(R)C9-7570 
BSSS R)C9-7571 
BSSS(R)C9-7573 
BS13C0 -7719 
BS13C0 -7721 
BS13C0 -7723 
BS13C0 -7727 
BSI3C0 -7728 
BS13C0 -7731 
BS13C0 -7732 
BS13C0 -7733 
BS13C0 -7731 
BS13C0 -7737 
BS13(S)C3-7799 
BS13 S 03-7800 
BS13(S)C3-7801 
BS13jS)C3-7801 
BS13|S)C3-7805 
BS13(S)C3-7807 
BS13(S)C3-7809 
BS13(S G3-7813 
BS13is)G3-7811 
8313(8)03-7815 
BSSSCO -7497 
BSSSCO -7198 
BSSSCO -7199 
BSSSCO -7500 
BSSSCO -7501 
PLANTS 
YIELD PER HA 
MO/HA X1000 
3.96 59.2 
3.67 58.6 
3.79 51.1 
1 .01  60 .9  
1.18 60.9 
3.21 59.2 
'1.97 61.5 
1.11 58.6 
'1.13 57.1 
1.70 55.6 
5.05 55.0 
3.25 53.2 
3.63 57.1 
5.09 52.0 
1.72 56.2 
1.56 60.3 
3.83 59.8 
1.89 61.5 
1.27 60.3 
1.82 56.2 
1.11 60.3 
3.95 59.7 
1.53 51.1 
1.30 55.6 
2 . 8 1  6 2 . 1  
1.68 59.8 
2.72 60.3 
'1.50 53.6 
5.16 62.1 
5.59 60.3 
1.12 50.8 
1.81 62.1 
1.00 52.0 
2.97 61.5 
3.02 58.6 
ROOT 
MOIST LODGED 
% % 
20.2 1.0 
20.5 1.0 
21.2 2.3 
19.1 0.0 
26.1 0.0 
21.0 10.1 
18.8 1.9 
21.0 6.3 
21.5 1.2 
20.8 5.2 
22.3 0.0 
19.5 1.0 
20.6 2.9 
19.8 2.6 
20.1 30.1 
19.8 63.6 
20.5 0.0 
19.0 0.0 
17.3 1.0 
19.2 7.2 
21.9 18.3 
23.0 2.1 
20.3 0.0 
21.2 0.0 
20.6 8.7 
19.0 1.0 
20.0 2.0 
21.6 0.0 
21.3 0.0 
20.5 1.1 
19.1 1.0 
17.7 2.9 
22.5 0.0 
17.9 7.8 
20.8 0.0 
STALK DROP 
ODGED EARS 
"%" "% 
16.1 0.0 
5.1 0.0 
15.1 0.0 
9.7 2.0 
2.9 0.0 
28.1 3.0 
11.6 1.9 
9.1 0.0 
7.3 0.0 
8.5 0.0 
0.0 1.1 
1.5 0.0 
6.0 0.0 
5.7 1.0 
6.1 0.0 
11.9 0.0 
1.0 0.0 
0.0 0.0 
0.0 0.0 
1.8 0.0 
2.0 0.0 
26.6 0.0 
9.1 0.0 
7.8 0.0 
1.0 0.0 
7.1 0.0 
3.0 0.0 
3.3 0.0 
7.7 0.0 
5.8 0.0 
5.1 1.0 
3.8 0.0 
13,7 0.0 
29.0 0.0 
0.0 0.0 
EXPERIMENT 8I|069 
PLANTS PEDIGREE YIELD PER HA 
MG/IIA K1000 
BSSSCO -7503 2.51 61.5 
BSSSCO -750't 0.96 61.5 
BSSSCO -7505 2.79 61.5 
BSSSCO -7506 1.147 58.0 
BSSSCO -7508 2.88 58.0 
BSSS(R)C5-7661 3.47 56.8 
BSSS(R>05-7662 3.01 56.2 
BSSS(R 05-7663 3.38 52.0 
BSSS R)C5-7666 1,23 60,9 
BSSS(R)C5-7667 3.14 52.6 
BSSS(R)C5-7668 3.56 59.8 
BSSS R)C5-7672 3.MO 58.6 
BSSS|R)C5-7673 2.l|7 59.2 
BSSSjR)C5-767'l 3.40 61.5 
BSSS(R)C5-7675 1,40 58.6 
BSSSIR 
BSSSjR 
BSSSIR 
BSSSIR 
BSSSIR 
09-7574 2.72 60.3 
C9-7577 3.46 60.3 
09-7579 4.58 58.6 
09-7581 3.19 58.0 
09-7582 4.77 61.5 
BSSS(R)C9-7583 5.66 61.5 
BSSS R1C9-7586 5.76 59.7 
BSSSIR 09-7587 3.72 58.6 
BSSS R 09-7588 3.97 57.4 
BSSS|Rj09-7592 5.25 59.2 
BS13(S)C0-7738 3.38 58.0 
BS13(S)C0-7739 3.75 60.9 
BS1318)00-7740 4.39 47.8 
BS13IS)00-7741 4.49 60.9 
BS13(S)C0-7742 5.77 60.3 
BS13(S)CO-7746 3.57 58.0 
BS13(S)CO-7750 4.10 59.8 
BS13(S)C0-7751 3.96 58.0 
BS13is»C0-7755 2.89 56.8 
BS13|s)C0-7756 3.68 55.0 
ROOT 
MOIST LODGED 
% % 
23.1 0.0 
25.0 2.9 
20.7 0.0 
17.8 1.0 
22.7 0.0 
18.1 0.0 
24.6 1.1 
20.1 6.7 
29.0 0,0 
19.8 1.1 
21.4 7.0 
24.0 12.7 
18.9 9.2 
22.1 1.0 
22.4 0.0 
24.7 0.0 
24.0 0.0 
23.1 0.0 
22.9 10.4 
21.1 40.1 
21.6 69.6 
21.8 1.0 
21.8 3.8 
23.0 11.4 
23.5 0.0 
16.4 1.0 
25.4 1.0 
23.9 12.1 
21.8 13.6 
19.5 0.0 
18,6 1.0 
17.0 0.0 
19.4 15.5 
23.6 25.2 
17.9 1.0 
STALK DROP ODGED EARS 
"%" "% 
26.3 0.0 
16.6 4.8 
7.7 1,0 
16.6 1.0 
4.1 0.0 
12.6 0.0 
16.9 0.0 
13.8 0.0 
5.9 0.0 
10.6 0.0 
18.9 0.0 
21.9 2.1 
31.1 0.0 
3.8 0.0 
4.1 0.0 
10.9 0.0 
8.9 0.0 
4.2 0.0 
16.6 0.0 
4.9 1.0 
13.6 1.9 
11.9 1.0 
4.3 1.1 
22.0 0.0 
4.1 0.0 
1.0 1.0 
2.0 1.0 
1.1 0.0 
7.8 0.0 
2.0 0.0 
3.9 0.0 
3.0 0.0 
0.0 0.0 
8.4 0.0 
5.4 0.0 
EXPERIMENT 8l|069 
PEDIGREE 
BS13(S)C3-7816 
Bsiais C3-7817 
BS13(S)C3-7818 
BS13(S)C3-7819 
BS13(S)C3-7821 
BS13(S»C3-7825 
BS13iS 03-7827 
BS13 S C3-7829 
BS13(S)03-7830 
BS13(S)C3-7831 
BSSSCO -7509 
BSSSCO -7510 
BSSSCO -7511 
BSSSCO -751'» 
BSSSCO -7515 
BSSSCO -7517 
BSSSCO -7518 
BSSSCO -7519 
BSSSCO -7520 
BSSSCO -7523 
BSSS(R)05-7677 
flSSS(R)05-7678 
BSSS(R 05-7679 
BSSS R)05-7680 
BSSS(R)05-7682 
BSSS(R)05-768I» 
BSSS(R)C5-7685 
BSSS(R)C5-7686 
BSSS|RjC5-7689 
BSSS(R)C5-7691 
BSSS(R109-7591 
BSSS R 05-7595 
BSSSIR(05-7596 
BSSS R)C5-7598 
BSSS(R)C5-7600 
PLANTS 
YIELD PER HA 
MG/IIA X1000 
3.58 61.5 
'1.65 58.6 
2.96 60.9 
3.78 60.3 
5.18 60.9 
3.13 17.8 
2.38 59.2 
5.87 61.5 
3.76 60.3 
1 . 6 2  6 2 . 1  
3.33 62,1 
1.79 56.2 
2.09 51.1 
3.76 58.0 
2.32 59.2 
2.11 61.5 
1.52 50.2 
1.11 56.8 
2.51 18.1 
1.63 19.6 
2.02 53.8 
2.75 59.7 
3.55 59.8 
1.38 58.0 
1.56 56.2 
3.18 51.1 
2.66 56,2 
3.73 55.6 
1.71 55.0 
3.27 60.9 
2.51 61.5 
3.53 56.8 
3.81 58.0 
1.39 58.6 
1.96 55.0 
ROOT 
MOIST LODGED 
% % 
19.6 0.0 
21.2 0.0 
21.6 2.0 
20.1 3.9 
19.7 1.0 
23.6 2. 1 
25.0 0.0 
19.1 9.6 
20.2 1.0 
18.7 10.6 
21.5 1,0 
21.7 68.0 
18.6 0.0 
21.1 1.0 
19.7 6.0 
21.3 0.0 
19.5 0.0 
19.7 3.3 
18.3 2.6 
30.1 0.0 
22.6 0.0 
22.2 6.1 
20.9 6.0 
21.1 29.9 
21.9 3.2 
21.8 1.1 
19.1 0.0 
20.6 11.0 
21.1 0.0 
20.8 2.9 
21.1 10.7 
19.6 22.6 
22.9 1.1 
26.5 0.0 
20.7 2.2 
STALK DROP 
ODGED EARS 
"%" "T 
11.5 0.0 
16.0 0.0 
3.0 0.0 
17.8 1.0 
3.9 0.0 
8.9 0.0 
1.1 0.0 
1.9 0.0 
5.0 0.0 
21.1 0.0 
9.6 0.0 
13.2 0.0 
15.6 0.0 
9.3 0.0 
15.2 6.1 
20.1 7.8 
1.1 0.0 
9.6 0.0 
18.1 0.0 
21.7 0.0 
1.1 0.0 
12.7 0.0 
21.0 1.0 
31.1 2.0 
8.5 0.0 
9.9 0.0 
5,1 0.0 
7,5 0.0 
2.0 0.0 
7.0 0.0 
30.0 1.0 
8.1 2.1 
18.6 2.1 
1.1 0.0 
7.7 0.0 
EXPERIMENT 814069 
PEDIGREE YIELD 
.PLANTS 
PER MA 
HG/HA XI000 
DSSS|R)C5-7602 
BSSS(RjC5-7603 
BSSS(R)C5-760I» 
BSSS(R)C5-7605 
BSSS(R)C5-7607 
BS13(S)C0-7757 
BS13(S)C0-7758 
BS13(S)C0-7760 
BS13(S)C0-7761 
BS13(S)C0-7763 
BS13{S)CO-7765 
BS13(sjC0-7767 
BS13 sjcO-7770 
BS13(S)C0-7771 
BS13(sjC0-7772 
BS13|S)C3-7835 
BS13(S)C3-7837 
BS13(S)C3-7039 
BS13(S)C3-7Bll5 
BS13(S)C3-7850 
BS13(S 
BS13(S 
BS13(S 
BS13 S 
BS13(S 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
C3-7853 
C3-7857 
C3-7863 
C3-7866 
03-7870 
-7521 
-7525 
-7526 
-7527 
-7530 
-7532 
-75314 
-7535 
-7540 
-7512 
3.21 
3.50 
2.15 
2.89 
1.52 
2.90 
3.1)9 
3.91 
5.29 
1.02 
3.59 
3.79 
2 . 5 8  
3.73 
1.58 
5.99 
3.75 
1.52 
1.09 I4.14I4 
2.«41 
3.89 
5.13 
1 . 2 1  
3.10 
3.19 
2.51 
1 . 6 1  
2.85 
3.76 
3.22 
3.03 
2.85 
2.31 
'4.07 
61.5 
60.3 
60.3 
59.7 
61.5 
59.8 
60.3 
56.2 
55.0 
58.6 
55.0 
59.7 
58.6 
61.5 
55.0 
58.0 
61.5 
62.1 
62.1 
58.6 
60.9 
51.1 
61.5 
59.2 
61.5 
61.5 
51.1 
60.9 
50.2 
62.1 
52.6 148.14 
60.3 
59.2 57.14 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
"Y" "T" "T 
19.9 3.8 9.7 0.0  
23.3 6.9 6.9 0.0  
21.3 0.0  6.8 1.9 
17.8 9.9 8.0 1.0  
18.6 2.0 10.7 0.0  
22.7 1.0  2.0 0.0  
23.3 9.6 1.0 0.0  
17.3 0.0  7.2 0.0  
20.5 0.0  1.0 0.0  
23.0 3.9 1.2 1.0  
19.5 2.0  2 .0  0 .0  
22.7 7.7 7.0 0.0  
20.1  5 .1  6.9 0.0  
22.5 0.0  '1.9 0.0  
22.9 5.6  9.6 0.0  
214.14 0.0  2.0 0.0  
19.2 1.9 '4.8 0.0  
18.0 2.9 9.6 0,0  
17.7 2.9 11.5 0.0  
21.0 5.2 7.2 2.0 
19.9 0.0 1.0 0.0 
20.7 3.6 12.9 0.0  
20.5 1.0  6.8 0.0 
18.9 0.0  2 .0  0 .0  
21.1 0.0  7.7 0.0  
22.3 7.7 9.7 0.0  
27.1 12.5 3.14 1.3 
21.8 2.9 23.1 3.0 
22.6 1.2 13.1 0.0  
21.1 2.9 18.3 0.0  
21.2 10.6 1.2 1.1 
28.8 5.3 1.2 0.0 
19.2 3.1 6.1 1.0 
17.0 1.0 17.1 0.0 
21.5 6.2 1.1 0.0 
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EXPERIMENT 81*069 
PLANTS 
PEDIGREE YIELD PER MA 
HG/HA XIOOO 
BS13(S)C3-7861 6.83 62.1 
BS13(S)C3-7882 5.58 59.2 
DS13(S)C3-788l* 1.93 60.3 
BS13 S)C3-7888 3.38 55.6 
BS13(S)C3-7890 '«.86 59.8 
EXPERIMENT MEAN 3.56 57.6 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
"T" "% 
21*. 1 0.0 3.8 0.0 
21.3 0.0 5.0 0.0 
19. I| 2.9 11.9 0.0 
21.2 0.0 19.'» 0.0 
18.5 1.0 7.0 0.0 
21.5 «*.<* 9.3 0.1* 
EXPERIMENT B'lOTO 
PLANTS 
PEDIGREE YIELD PER HA 
MG/IIA X1000 
BSSSCO -7067 3.07 57.4 
BSSSCO -7I»68 2.18 60.3 
BSSSCO -7l|69 2.93 62.1 
BSSSCO -7472 1.95 58.0 
BSSSCO -7473 3.98 52.6 
BSSSCO -7475 2.38 61.5 
BSSSCO -7476 2.90 58.6 
BSSSCO -7478 2.74 60.3 
BSSSCO -7483 2.85 56.2 
BSSSCO -7480 2.82 59.8 
BSSS 
BSSS 
BSSS 
BSSS 
BSSS 
R|C5-7629 2.31 62.1 
R)C5-7628 0.98 56.8 
R)C5-7630 2.88 52.0 
R)C5-7631 3.71 56.8 
R)C5-7634 1.44 50.2 
BSSS<R1C5-7637 1.09 60.9 
BSSSjR C5-7638 1.10 56.2 
BSSS(R)G5-7641 3.60 55.0 
BSSS(R C5-7642 3.25 57.4 
BSSS|R)C5-7645 3.80 60.9 
BSSS(R)C9-7547 3.01 58.6 
BSSS(R C9-7549 4.11 62.1 
BSSS R)C9-7550 3.48 58.0 
BSSSIR C9-7551 3.94 59.8 
BSSS(R)C9-7552 4.07 55.0 
BSSS(R)C9-7553 3.45 59.7 
BSSSIR)C9-7554 2.60 56.2 
BSSS<RjC9-7555 3.39 60.9 
BSSSjR)C9-7559 4.62 60.3 
OSSS(R>09-7560 4.04 60.3 
BS13<8)00-7706 4.11 59.8 
BS13iS)C0-7707 3.93 60,9 
BS13jS)C0-7708 3.00 60.9 
BS13(S)C0-7709 2.66 43.0 
BS13(S)C0-7710 2.93 61.5 
ROOT 
MOIST LODGED 
% % 
24.7 92.6 
22.9 29.4 
26.6  96.2  
22.0 72.8 
23.4 81.3 
23.6 27.1 
22.6 83.7 
25.9 70.3 
26.6 58.7 
24.7 67.6 
26.6 97.1 
26.9 100 
20.6 80.4 
20.8 59.1 
26.4 7.9 
22.8 97.1 
25.0 86.6 
22.8 85.4 
20.4 60.1 
28.3 88.2 
28.4 87.0 
23.1 90.4 
24.0 37.2 
23.8 79.0 
25.4 54.3 
21.0 99.0 
25.5 56.3 
29.7 81.4 
20.9 75.2 
25.1 89.1 
24.6 91.0 
23.4 96.1 
25.2 32.8 
20.9 76.9 
28.9 46.6 
STALK DROP 
LODGED EARS 
% "% 
17.6 1.1 
23.5 0.0 
20 .2  0 .0  
47.0 0.0 
8.9 1.0 
31.1 3.9 
26.5 0.0 
16.9 3.0 
27.8 0.0 
17.1 2.0 
16.3 1.9 
12.6 1.1 
71.4 0.0 
22.2  0 .0  
40.0 1.6 
15.7 2.0 
20.4 2.1 
12.4 0.0 
28.3 0.0 
19.6 0.0 
29.0 0.0 
20.2  0 .0  
8.3 0.0 
4.0 0.0 
29.3 2.2 
4.1 0.0 
5 . 2  0 . 0  
23.4 1.0 
15.8 0.0 
6.0 3.0 
15.0 2.0 
12.9 2.0 
4.9 0.0 
20.5 0.0 
1.9 1.0 
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EXPERIMENT 8"1070 
PEDIGREE 
PLANTS ROOT STALK DROP 
YIELD PER HA HOIST LODGED LODGED EARS 
HG/IIA X1000 % % % % 
BSSS(R)C9-7561 '1.50 61.5 18.8 86.4 25. 2 0.0 
BSSS<RjC9-7562 '1.86 59.2 25.1 98.9 6. 3 1.1 
BSSS(R)C9-756H 3.63 61.5 24.5 55.2 21. 4 2.9 
BSSSiRjC9-7565 3.79 62.1 20.6 53.8 9. 6 0.0 
BSSS(R)C9-7566 3.76 60.3 25.3 16.8 9. 9 1.0 
BSSS(R)C9-7568 '1.15 62.1 24.4 98.1 21. 2 0.0 
BSSSjR)C9-7569 3.9U 60.3 23.8 69.5 13. 9 1.9 
BSSS(R)C9-7570 3.9'l 62.1 25.1 88.5 4. 8 2.9 
0SSS{R)C9-7571 3.95 60.9 27.2 99.0 5. 8 0.0 
BSSS(Rjc9-7573 3.51 60.3 23.4 74.3 12. 0 1.9 
BS13C0 -7719 3.91 62.1 25.8 77.9 5. 8 2.9 
BS13C0 -7721 1.'l6 60.9 22.0 94.1 2. 0 0.0 
BS13C0 -7723 3.89 59.8 20.8 81.0 12.0 2.0 
BS13C0 -7727 '4.76 61.5 25.8 88.4 8. 7 0.0 
BS13C0 -7728 3.00 57.4 24.4 100 33. 3 7.3 
BS13C0 -7731 3.66 62.1 22.0 100 26. 3 0.0 
0S13C0 -7732 3.70 59.8 23.6 38.1 3. 0 5.0 
BS13C0 -7733 '1.11» 57.4 23.3 8.5 0. 0 2.1 
BS13C0 -773«i 'J.60 61.5 19.0 41.8 2. 9 0.0 
BS13C0 -7737 5.62 61.5 24.7 98.0 5. 8 0.0 
BS13(S)C3-7799 '•.29 63.3 26.4 97.2 4. 7 0.0 
BS13IS C3-7800 '».29 58.6 23.1 100 27. 7 0.0 
BS13isjC3-7801 '1.69 49.6 26.6 69.7 9. 2 0.0 
BS13( s j C 3-780l| 5.48 60.9 24.5 71.6 5. 9 0.0 
BS13|S)C3-7805 3.63 62.1 24.4 78.8 4. 8 0.0 
BS13(S)C3-7807 3.99 58.6 21.4 24.1 14.3 0.0 
BS13{S)C3-7809 3.57 61.5 22.7 85.4 47.8 0.0 
BS13is)C3-7813 3.13 60.3 22.8 57.9 21. 5 0.0 
BS13(S)C3-781'I 4.75 61.5 24.0 95.1 14.6 0.0 
BS13(S)C3-7815 3.63 60.9 21.5 61.8 30. 4 0.0 
BSSSCO -7ll97 3.16 62.1 21.8 21.1 9. 6 1.9 
BSSSCO -7'I98 2.11 60.9 27.0 42.7 16.8 0.0 
BSSSCO -7499 1.29 58.0 24.1 67.1 27.8 0.0 
BSSSCO -7500 2.66 61.5 18.5 89.3 69. 0 0.0 
BSSSCO -7501 2.'10 61.5 23.8 65.1 3. 9 1.9 
EXPERIMENT 8'1070 
PEDIGREE 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
-7503 
-7501» 
-7505 
-7506 
-7508 
BSSS(R)C5-7661 
flSSS{Ric5-7662 
BSSS(R)C5-7663 
BSSS(Rjc5-7666 
BSSS(R)C5-7667 
BSSS(R)C5-766B 
BSSS(R)C5-7672 
BSSS|R)C5-7673 
BSSSfR105-7674 
BSSS(R)C5-7675 
BSSS(R)C9-757«I 
OSSS(R 09-7577 
BSSS(R5C9-7579 
BSSS|R)C9-7581 
BSSS(R)C9-7582 
BSSS(R)C9-7583 
BSSS R)C9-7586 
BSSSjR)C9-7587 
OSSS(R C9-7508 
BSSS(R)C9-7592 
BS13(S»C0-7738 
BS13(S)C0-7739 
BS13(S)C0-77I|0 
Bsi3js}c0-77in 
BS13(SjC0-77'»2 
BS13(S)CO-77l|6 
BS13 3)00-7750 
BS13|S)CO-7751 
BS13(S)C0-7755 
BS13(S)C0-7756 
PLANTS ROOT STALK DROP 
YIELD PER HA MOIST LODGED LODGED EARS 
HG/IIA X1000 % % % % 
2.76 62. 1 25.2 26.9 20.2 1.8 
0.85 60. 9 30.6 57.2 31.3 2.0 
3.06 60. 9 23.9 13.7 20.6 3.9 
1,83 59. 2 17.3 31.9 21.0 2.0 
1.72 59. 2 27.5 12.1 10.2 1.9 
2.09 61.5 22.1 15.1 11.6 2.0 
1,36 57. 1 21.3 87.8 35.7 3,1 
2.77 55. 0 22.3 79.3 30.1 1.1 
1,97 60.3 30.2 21.2 18.2 0.0 
2.99 56. 8 23.2 83.2 10.2 3.0 
1.01 59. 2 21.1 88.1 27.2 1.9 
2.76 60. 9 21.1 73.5 60.8 0.0 
2.15 56. 8 22. 1 93.6 21.2 3.2 
3.50 62. 1 23. 1 66.3 15.1 0.0 
3.01 62. 1 21.1 95.2 18.3 0.0 
3.32 59. 8 29.6 70.6 10.0 0.0 
3.68 62. 1 31.1 23.1 18.3 0.0 i|.i|0 60. 9 26.3 62.5 12.7 2.0 
1.25 61. 5 25.9 92.2 21.2 0.0 
2.09 60, 3 27.1 85.5 10.9 0.0 
1.07 60, 9 25.1 98.0 8.7 0.0 
1.37 59. 8 25.3 56.7 32.9 1.1 
1.57 61, 5 21.6 51.7 21.2 0.0 
1.99 59. 7 25.3 91.2 55.2 0.0 
1.05 62. 1 27.0 77.9 26.0 1.0 
1.13 59. 2 19.2 86.9 7.0 0.0 
1.21 60. 3 25.9 96.2 5.0 1.0 
3.16 38. 2 27.1 75.0 12.5 0.0 
1.90 61. 5 21.3 91.3 9.7 0.0 
1.21 55. 6 22.7 27.0 52.7 0.0 
2.91 62. 1 23.7 17.3 50.0 0.0 
1.55 60. 3 21.2 89.2 15.8 2.9 
3.21 11. 8 23.6 33.0 11.7 0.0 
2.91 58. 6 25.8 100 62.2 1.0 
2.83 61. 5 21.8 90.2 1.8 0.0 
EXPERIMENT 8U070 
PEDIGREE 
BS13(SJC3-7016 
BS13jS)C3-7817 
BS13(S)C3-7018 
BS13(S)C3-7819 
BS13(S)C3-7821 
BS13(S)C3-7825 
BS13(S)C3-7827 
BS13(S 03-7829 
BS13 S 03-7830 
BSI3(s)C3-7834 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
-7509 
-7510 
-7511 
-7514 
-7515 
-7517 
-7518 
-7519 
-7520 
-7523 
BSSS(R)C5-7677 
BSSS R C5-7678 
BSSSjR)C5-7679 
BSSSjR)C5-76B0 
BSSS|R)C5-7682 
BSSS(R)C5-76eM 
BSSS(R)C5-7685 
BSSS{R)C5-7686 
BSSS(RjC5-7689 
BSSS(R)C5-7691 
BSSSCR)C9-7591 
BSSS|R)C5-7595 
BSSS R)C5-7596 
BSSS(R)C5-f59B 
BSSS(R)C5-7600 
PLANTS ROOT STALK DROP 
YIELD PER HA HOIST LODGED LODGED EARS 
MG/HA X1000 % % % % 
1.26 60.9 23.3 24.5 16.7 0.0 
5.88 62.1 26.7 16.3 18.3 0.0 
2.95 62.1 21.3 32.7 21.2 0.0 
2.66 60.3 22.4 87.3 57.8 0.0 
'*.81 62.1 27.2 91.3 10.6 0.0 
3.71 59.7 23.8 25.2 9.1 1.0 
'1.52 62.1 25.5 64.4 1.9 0.0 («.88 60.9 24.7 54.9 4.9 0.0 
3.73 58.6 21.5 11.0 48.5 0.0 
3.78 61.5 22.4 98.1 62.9 0.0 
11.25 58.6 25.2 15.1 11.3 0.0 
1.MI» 54.4 24.4 96.8 35.9 0.0 
1.60 56.2 25.7 37.0 49.7 0.0 
t».72 61.5 30.3 71.0 24.2 3.9 
1.75 57.4 23,6 82.8 36.0 14,8 
2.21» 57.4 28.1 87,4 27.8 3.8 
1.98 58.0 24.6 84.7 8,5 0.0 
2.12 60.9 28.8 94.2 2.9 0.0 
1.58 59.2 25.1 75.8 5.1 2.0 
3.08 60.9 24.9 97.0 25.7 0.0 
3.28 54.4 27.9 58.3 7.7 2.2 
3.27 58.6 26.1 98.0 9.8 0.0 
3.75 59.8 24.0 79.0 20.0 1.0 
4.02 61.5 26.1 99,0 33,0 0.0 
«•.19 56.8 22.3 69.5 28.3 0.0 
2.78 55.6 26.4 57.2 26.5 0.0 
2.67 61.5 25.2 32.0 38.9 0.0 
3.03 62.1 23.8 88.5 10.6 0.0 
1.77 54.4 24.1 50.9 6.7 2.1 3.25 59.7 22.6 74.6 12.8 0.0 
'1.72 62.1 24.0 96.2 27.9 0.0 
4.52 55.0 26.2 64.3 23,9 2.4 
4.22 60.9 26.5 80.0 19.7 3.0 
4.34 61.5 28.0 81.6 16.5 0.0 
3.28 58.6 27.6 77.7 4.0 0.0 
EXPERIMENT 01070 
PEDIGREE 
BSSS(R)C5-7602 
BSSSjR)C5-7603 
BSSS(R)C5-7601 
BSSS(R)C5-7605 
BSSS(R)C5-7607 
BS13(S)C0-7757 
BS13ls)C0-7758 
BS13(S)C0-776O 
BS13(S)C0-7761 
BS13(S)C0-7763 
BS13(S)C0-7765 
BS13(S)C0-7767 
BS13(S)C0-7770 
BS13 S)C0-7771 
BS13(S)C0-7772 
BS13(S)C3-7835 
BS13is»C3-7837 
BS13js)C3-7839 
BS13(S C3-7815 
BS13(S)C3-7850 
BS13(S)C3-7853 
BS13(S)C3-7857 
BS13(S)C3-7863 
BS13jsjc3-7866 
BS13(S)C3-7870 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
-7521 
-7525 
-7526 
-7527 
-7530 
-7532 
-7531 
-7535 
-7510 
-7512 
PLANTS ROOT STALK DROP 
YIELD PER HA MOIST LODGED LODGED EARS 
MG/HA X1000 % % % % 
3.90 58.6 22. 5 91.8 19.9 0.0 
1.63 62.1 26,5 31,6 7.7 0.0 
3.29 60.9 25.5 15.7 17.7 0.0 
3.98 59.7 22. 3 89.6 7.0 0.0 
1.93 60.9 20. 9 83.5 7.8 1.0 
5.30 62. 1 21. 9 95.2 1.0 0.0 
5.01 60.3 30. 0 99.0 2.9 0.0 
1.25 60.3 21. 7 50.3 20.6 0.0 
5.11 61.5 26. 2 71.7 0.0 0.0 
1.51 62.1 28. 6 96.2 9.6 0.0 
1.96 60.9 25.9 80.0 13.7 2.9 
1.90 60.3 21. 7 91.0 15.9 0.0 
1.30 60.3 21. 2 32.2 20.0 0.0 
3.33 57.1 23.8 79.3 9.1 1.3 
3.91 60.3 21.2 90.9 30.8 1.0 
1.50 57.1 28. 8 81.6 13.2 0.0 
3.16 55.6 21, 1 88.6 2.1 0.0 
2.50 62.1 20.0 58.7 5.8 0.0 
3.66 56.8 21. 1 93.5 13.9 1.0 
2.99 60.9 25. 1 95.1 37.3 0.0 
3.61 59.8 21, 6 38.5 11.1 0.0 
3.77 17.8 22. 5 81.9 31.1 0.0 
6.09 62.1 22. 3 50.0 16.3 0.0 
5.21 55.6 23. 8 53.6 1.1 0.0 
1.12 59.2 21, 1 29.0 10.0 0.0 
3.63 62.1 22, 6 96.1 21.2 0.0 
2.51 61.^  29, 3 59.3 28.2 0.0 
1.17 62.1 26, 3 81.6 28.8 2.9 
2.73 59.7 29. 8 20.7 22.1 0.0 
3.98 60.3 21, 7 55.1 23.8 0.0 
1.89 59.2 27.9 90.9 10.1 3.1 
2.26 17.2 32. 6 28.8 3.8 0.0 
1.80 60.9 25. , 1 78.3 10.8 0.0 
2.71 60.3 17. 3 83.1 15.9 0.0 
2.23 61.5 28, 7 89.1 7.8 1.0 
EXPERIMENT B'lOTO 
PEDIGREE 
BSSS(R)C5-7692 
BSSS(R)C5-7695 
BSSS(R)C5-7696 
BSSS(R)C5-7697 
BSSS(R)C5-7698 
BSSS(R)C5-7699 
BSSS(R)C5-7700 
BSSS R C5-7701 
BSSS R)C5-770:i 
BSSS(R)C5-770t» 
BSSS(R)C9-7609 
BBSS R)C9-7611 
BSSS|R)C9-7612 
BSSS(R C9-7613 
DSSS(R)C9-7615 
BSSS(R)C9-7617 
BSSS(R)C9-7618 
BSSS|n)C9-7619 
BSSS(R)C9-7623 
BSSS(R)C9-7625 
BS13(S)C0-777l» 
BS13(S)C0-7776 
BS13(S)C0-7777 
BS13(S)C0-7778 
BS13(S)CO-7779 
BS13(S1C0-7781 
BS13(SjC0-7782 
BS13(SjCO-7783 
BS13is)CO-778l4 
BS13(S)C0-7785 
BS13(S)C3-7872 
BS13(S C3-7876 
BS13(S C3-7877 
BS13(SjC3-7878 
BS13(S)C3-7880 
PLANTS 
YIELD PER HA 
MG/HA XIOOO 
1.30 61.5 
U.13 62.1 
2.73 50.8 
2.80 60.9 
'».5'l 61.5 
5.65 62,1 
2.81 56.8 
3.15 62.1 
1.31 53.2 
2.00 53.8 
3.35 50.8 
2.65 56.8 
3.16 62.1 
3.27 56.8 
3.57 62.1 
l».5'» 62.1 
2.20 59.8 
3.214 61.5 
3.71» 61.5 
3.77 60,3 
'1.82 59.2 
3.07 511.1 
'1.17 55.0 
'1.32 61.5 
4.13 60.9 
5.19 59.7 
1.211 60.9 
3.91 57.1 
2.62 62.1 
3.60 61,5 
5.02 60,3 
1,68 60.3 
3.97 61.5 
1.97 60.3 
2,77 10.0 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
"%" %" "% 
28.6 8.7 11.6 6.7 
23.7 38.5 15.1 1.0 
27.1 67.2 5.6 0.0 
21.9 97.1 27.5 0.0 
23.0 88.1 10.6 0.0 
23.1 76.9 1.8 0,0 
21.7 99.0 12.1 2,2 
21.0 50,0 18.3 1,0 
27.1 19.3 17.1 1.2 
27.3 75,6 12.2 0,0 
31,2 61,0 11,8 1,2 
30,9 19,8 1,0 0.0 
21.8 89,1 11,5 0.0 
23.9 51.3 8,5 2,1 
26.9 93,3 6.7 1,0 
27.0 12,5 2.9 0.0 
32.9 18,7 7,0 0.0 
25.2 93,2 5.8 1.0 
27,7 52.7 13,5 1.9 
26,2 62.1 7,0 7.8 
20.0 62.6 10,1 0,0 
28,1 93,1 13,1 3,3 
21.6 63.7 25.9 0,0 
27.7 70.0 1.9 0,0 
22.1 73.5 31.1 1,0 
21.7 92.7 13.8 0.0 
21.0 60.6 38.2 0,0 
26.1 69.0 19.0 0,0 
26.3 92.3 1,0 0,0 
21.2 90.3 11,6 0.0 
23.7 85.0 13,9 0.0 
21.0 13.6 15,9 0.0 
26.8 15.3 9,8 1.0 
21.1 30.7 1.0 0.0 
22.5 79.6 7.5 3.7 
EXPERIMENT O'lOTO 
PLANTS 
PEDIGREE YIELD PER HA 
MG/HA X1000 
BS13(S)C3-7881 6.22 60.9 
DS13js)C3-7882 '1.96 62.1 
BS13(S)G3-788l| 5.67 58.6 
BS13is)C3-7886 5.15 62.1 
BS13(S)C3-7890 U.18 60.3 
EXPERIMENT MEAN 3.'II» 59.2 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% "% 
26.5 10.9 8.8 0.0 
21».!» 89.1» 3.8 0.0 
22.5 87.0 31.6 0.0 
25.7 82.7 9.6 0.0 
21.6 99.0 19.9 0.0 
21». 6 69.9 18.3 0.9 
EXPERIMENT 03070 
PEDIGREE 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
-7I|67 
-7I168 
-7l»69 
-7l»72 
-7l»73 
-7l|75 
-7I|76 
-7i|78 
-7l|83 
-7'l80 
BSSS(R)C5-7629 
BSSS|RiC5-7628 
BSSS(R)C5-7630 
BSSS(R 05-7631 
BSSS(R)C5-763U 
BSSS(R)C5-7637 
BSSS(RJC5-7638 
BSSSfR C5-76U1 
BSSS(R)C5-76ll2 
BSSS(R)C5-76ll5 
BSSS(R)C9-75I|7 
BBSS R)C9-75ll9 
BSSS(Rjc9-7550 
BSSS(R 09-7551 
BSSS(R)C9-755a 
BSSS(R)C9-7553 
BSSS R)C9-755I| 
BSSSjR)09-7555 
BSSS/R>09-7559 
BSSS|R)C9-7560 
BS13(S>C0-7706 
BS13(S)C0-7707 
BS13(S)C0-7708 
BS13iS)C0-7709 
BS13(S)C0-771O 
PLANTS ROOT STALK DROP 
YIELD PER HA MOIST LODGED LODGED EARS 
MG/IIA X1000 % "T" "T 
'1.08 52.0 25.6 0.0 23.3 5.3 3.16 59.2 27.r 1.0 20.4 1.0 2.I16 58.6 28.2 12.2 7.4 0.0 
2.M7 58.6 28.0 3.1 11.3 0.0 3.78 49.0 23.8 13.2 15.9 0.0 
3.51 60.3 24.1 5.9 19.8 1.0 
2.67 58.6 24.9 12.7 30.7 0.0 
3.11 58.6 25.4 12.2 7.3 0.0 
2.98 60.9 23.8 1.0 4.9 0.0 
3.30 59.2 24.7 8.1 32.4 0.0 
3.71 55.6 28.7 10.8 6.5 0.0 
2.34 60.3 29.1 13.7 11.0 0.0 
60.9 27.3 0.0 7.8 0.0 
6.11 53.8 23.6 2.3 12.3 0.0 
2.29 59.2 29.6 4.8 14.6 0.0 
1.87 53.8 25.9 33.4 23.3 1.1 
2.9'» 56.8 27.8 6.3 3.1 2.1 
3.79 62.1 25.8 18.3 4.8 0.0 
3.23 61.5 26.7 24.3 15.4 0.0 
6.51 59.2 24.8 27.2 11.1 2.0 
11.75 56.8 28.2 7.5 6.3 1.0 
5.08 55.0 24.3 45.0 5.2 0.0 11.71» 59.2 28.0 1.0 4.0 0.0 
11.95 59.8 23.7 0.0 6.0 0.0 
1.11 58.6 26.0 14.6 39.6 0.0 
5.30 59.7 23.8 31.7 3.0 0,0 
4.73 58.0 27.6 7.3 9.3 0.0 
3.29 56.8 25.4 4.2 4.2 0.0 
5.32 60.9 21.0 2.0 3.0 0.0 
6.16 61.5 22.0 0.0 0.0 1.0 
3.82 62.1 31.1 13.5 2,9 0.0 
4.67 55.0 22.1 2.2 1.9 1.9 
4.18 60.3 29.5 2.0 2.0 1.0 
3.54 47.8 23.9 3.8 88.8 0.0 
3.02 55.6 27.7 0.0 1.1 0.0 
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EXPERIMENT 03070 
PLANTS 
PEDIGREE YIELD PER HA 
MB/HA X1000 
BSSS(R)C9-7561 5.02 59.2 
BSSSiR)C9-7562 <5.00 61.5 
BSSS(R)C9-756I| ).97 52.6 
DSSSIR)C9-7565 5.30 60.9 
DSSS(R)C9-7566 5.'16 59.2 
BSSS(R)C9-7560 '«.22 62.1 
BSSS|R)C9-7569 6.22 60.9 
BSSS(R)C9-7570 6.21 60.9 
BSSS(R)C9-7571 5.18 60.9 
BSSS(R)C9-7573 6.31 57.4 
BS13C0 -7719 U.31 54.4 
BS13C0 -7721 4.89 59.2 
BS13C0 -7723 4.50 53.2 
BS13C0 -7727 6.09 60.3 
BS13C0 -7728 4.58 58.6 
BS13C0 -7731 2.68 57.4 
BS13C0 -7732 4.70 59.2 
BS13C0 -7733 4.28 62.1 
BS13C0 -7734 5.17 62.7 
BS13C0 -7737 5.62 59.2 
BS13(S)C3-7799 3.05 62.1 
BS13(S)C3-7800 4.90 55.6 
BS13(S)C3-7801 2.85 47.2 
BS13(SjC3-7804 6.25 59.8 
BS13(S)C3-7805 4.31 61.5 
BS13 
BS13 
BS13 
BS13 
BS13 
S)C3-7807 5.48 60.9 
• -- 60.3 
61. 5  S)C3-7809 4.30Sjc3-7813 5.69 
S)C3-7814 4.13 60.3 
S)C3-7815 3.37 59.2 
DSSSCO -7497 2.43 57.4 
DSSSCO -7498 3.25 58.0 
BSSSCO -7499 2.40 55.0 
BSSSCO -7500 2.57 60.9 
BSSSCO -7501 2.86 60.9 
ROOT STALK DROP 
HOIST LODGED LODGED EARS 
"T % "% 
24.0 25.1 6. 0 0.0 
23.4 15.6 11. 7 1.0 
25.8 31.3 13. 5 0.0 
23.2 10.8 9. 8 0.0 
23.7 5.0 12. 1 1.0 
24.4 40.4 16.3 0.0 
24.2 14.9 4. 9 1.0 
24.7 40.2 1. 0 0.0 
24.6 44.1 4. 9 0.0 
24.3 5.2 3. 1 1.0 
23.1 12.4 21. 9 0.0 
23.0 38.9 29. 2 0.0 
23.7 37.2 46. 9 0.0 
25.4 68.6 12. 9 0.0 
23.7 50.9 15. 4 2.1 
22.6 88.6 13. 8 0.0 
26.3 61.8 29. 7 0.0 
29.4 0.0 3, 8 0.0 
27.2 8.6 25. 8 1.9 
23.8 2.1 3. 2 0.0 
25.6 55.8 8, ,7 0.0 
22.6 49.5 16, ,2 0.0 
23.4 7.6 5. , 1 0.0 
25.4 7.0 21, 0 0.0 
23.2 11.7 32, 9 1.0 
20.2 0.0 19, ,7 0.0 
22.4 8.9 44.6 0.0 
25.7 25.2 3, 9 0.0 
24.5 3.9 55, ,7 0.0 
23.6 4.0 37, ,3 0.0 
29.1 26.0 5, 2 0.0 
20.9 2.9 31, 9 0.0 
27.4 0.0 6, ,4 0.0 
21.6 12.7 82, ,4 0.0 
22.5 0.0 0, 0 0.0 
EXPERIMENT 83070 
PEDIGREE 
BSSSCO -7503 
DSSSCO -750% 
BSSSCO -7505 
BSSSCO -7506 
BSSSCO -7508 
BSSS|R)C5-7661 
BSSS RjC5-7662 
BSSS(R)C5-7663 
BSSS(R)C5-7666 
BSSS(R)C5-7667 
BSSS(R)C5-7668 
BSSS(R)C5-7672 
BSSS|RjC5-7673 
BSSS(R)C5-767l| 
BSSS(R)C5-7675 
BSSS(R)C9-7571 
BSSSIR C9-7577 
BSSS(R)C9-7579 
BSSS R|C9-7581 
BSSS(RjG9-7582 
BSSS(R)C9-7583 
BSSS(Rjc9-7586 
BSSS(R)C9-7587 
BSSS{R)C9-7588 
BSSS|R)C9-7592 
BS13(S)C0-7738 
BS13 S)C0-7739 
BS13(S)C0-77ll0 
BS13(S)C0-77'I1 
BS13(S)C0-7712 
BS13(S)C0-77f|6 
BS13(S)C0-7750 
BS13|S)C0-7751 
BS13 S)C0-7755 
BS13(S)CO-7756 
PLANTS 
YIELD PER HA 
MG/IIA X1000 
5.12 58.6 
0.55 60.9 
'1.06 60.9 
0.81» 60.9 
1.67 56.8 
2.86 56.2 
M.18 56.8 
2.62 50.2 
3.02 57.1» 
4.44 54.1» 
5.32 60.3 
4.92 54.4 
3.40 58.0 
3.52 59.7 
4.27 60.9 
5.63 55.6 
4.38 62.1 
6.57 50.8 
5.40 58.6 
4.59 59.8 
6.79 62.1 
5.89 60.9 
5.61 55.6 
6.31 58.0 
4.45 58.0 
3.17 62.7 
2.54 60.9 
5.27 47.2 
4.72 57.4 
4.40 57.4 
4.43 60.3 
3.53 60.9 
3.71 46.6 
2.83 55.0 
3.76 60.3 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
28.1 2.0 13, 3 0.0 
27.8 6.7 17.8 0.0 
24.7 0.0 19. 8 0.0 
25.3 0.0 63, 1 0.0 
28.6 1.1 6, 2 0.0 
22.4 2.1 33, ,1 1.1 
28.4 3.3 20. 5 8.2 
19.9 13.5 33. 4 3.7 
25.6 2.2 15. 9 0.0 
26.4 14.6 7, 9 0.0 
26.7 18.7 28, 9 0.0 
23.8 5.1 70, .7 0.0 
27.4 1.0 74.0 0.0 
22.6 2.1 30, 0 0.0 
20.3 22.7 3, ,0 0.0 
24.4 3.2 10, ,7 1.1 
28.6 0.0 4, .8 0.0 
22.5 8.1 11, ,7 2.5 
25.3 16.6 14, 3 0.0 
24.4 26.0 19, ,2 0.0 
23.8 38.5 1.9 0.0 
26.6 0.0 26, .7 1.0 
26.3 15.2 1, , 1 0.0 
25.7 41.8 6. , 1 0.0 
26.5 3.1 2, ,1 0.0 
19.6 12.4 47. 6 1.0 
27.0 57.0 2, ,0 0.0 
26.1 37.6 0, .0 0.0 
25.4 37.5 12, .5 1.0 
28.2 7.4 43, 6 0.0 
23.8 2.0 34. 6 0.0 
27.8 8.0 20, ,7 0.0 
21.2 2.6 42, 5 0.0 
27.5 48.3 32, 9 0.0 
25.2 12.8 2, 0 0.0 
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EXPERIMENT 83070 
PEDIGREE 
DSSS(R>05-7692 
BSSS(R)C5-7695 
BSSS R)C5-7696 
BSSS R)C5-7697 
BSSS(R)C5-7698 
BSSS(R)C5-7699 
OSSS(R C5-7700 
BSSS(R)C5-7701 
BSSS(Ric5-7703 
BSSS(R|C5-7705 
BSSS(R)C9-7609 
BSSSjR|c9-7611 
BSSS(R)C9-7612 
BSSSiR)C9-7613 
0SSS(Rjc9-7615 
BSSS(R)C9-7617 
BSSS(R)C9-7618 
DSSS R C9-7619 
BSSS(R)C9-7623 
BSSS(R)C9-7625 
BS13|S)C0-777M 
BS13(SjC0-7776 
BS13(S)C0-7777 
BS13(S)C0-7778 
BS13(S)C0-7779 
BS13(S)C0-7781 
Dsiajs CO-7782 
DS13 S CO-7783 
BS13(S)C0-7784 
BS13(S)C0-7785 
BS13(S)C3-7672 
BS13 S 03-7876 
BS13 S 03-7877 
BS13(S)C3-7878 
BS13(S)03-7880 
PLANTS ROOT STALK DROP 
'lELD PER HA MOIST LODGED LODGED EARS 
MG/IIA X1000 % % % % 
2.89 52.0 27.1 0.0 0.0 0.0 
56.0 23.6 1.1 13.2 1.1 
2.28 31.7 24.6 2.2 3.3 0.0 
t.68 57.4 24.3 7.1 7.3 0.0 
3.57 48.4 24.4 13.3 24.5 1.1 
5.07 59.8 24.9 4.1 3.0 0.0 
3.90 46.6 22.1 9.5 22.3 0.0 
3.95 58.6 22.8 9.9 7.3 0.0 
2.02 48.4 25.8 0.0 6.1 0.0 
5.28 I»7.2 25.7 47.3 13.4 0.0 
5.63 46.6 23.7 7.8 11.9 0.0 
5.33 55.6 24.0 5.0 4.3 0.0 
5.57 53.2 22.1 6.2 20.0 1.0 ij.26 52.0 26.3 10.2 20.6 0.0 
11.66 53.2 26.0 4.4 4.5 0.0 
3.95 60.3 22.4 0.0 1.0 2.9 
1.86 60.3 25.8 11.2 4.8 0.0 
1.39 62.1 26.3 10.6 12.5 1.9 
6.24 56.2 26.3 4.0 2.3 1.0 
4.01 61.5 22.8 3.9 42.7 0.0 
4.78 53.2 20.3 5.7 17.9 1.1 
6.70 55.0 27.5 33.9 12.9 0.0 
5.18 52.6 27.3 23.8 20.6 0.0 
3.20 59.2 28.2 8.1 0.0 1.0 
6.39 56.2 23.3 4.5 • 47.0 0.0 
5.59 59.7 26.5 61.8 19.6 0.0 
5.49 55.0 26.8 2.5 13.0 0.0 
4.11 56.2 31.8 76.3 9.4 0.0 
3.26 50.0 25.3 57.8 7.0 0.0 
3.22 53.2 30.2 61.8 9.1 0.0 
6.35 58.6 22.1 13.0 36.8 0.0 
7.23 56.2 20.3 0.0 8.5 0.0 
3.97 60.9 28.9 0.0 16.5 0.0 
6.15 56.8 22.2 0.0 35.7 0.0 
5.00 62.1 23.9 3.8 33.7 0.0 
EXPERIMENT 83070 
PEDIGREE 
0813(8)03-7881 
BS13(s|C3-7882 
BS13(S)C3-788I| 
BS13(s)C3-7888 
BS13(S)G3-7890 
YIELD 
PLANTS 
PER HA 
MG/IIA XI000 
5.71» 
5.63 
5.'10 
6.30 
3.07 
59.2 
58.6 
56.8 
56.8 
53.2 
EXPERIMENT MEAN «4.25 57.7 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
'"% % " "% 
26.3 1.0 11.1 0.0 
26.3 38.'» 8.3 0.0 
23.2 22.0 50 0.0 
28.3 21.3 3.1 0.0 
24.2 5.7 66.0 0.0 
25.2 15.7 18.U o.u 
184 
Û. CO 1 ooooo o a t ^ cs< 1 ooooo O W 
' 
ica 1 CVJ POO ONCU 
_l w 1 <o 1 ifvtfvtfv H- O 1 f— PC CO o 1 1 
HO i V» O ^&fv O W t o o 1 ^ ^^ifveu^ 0:0 1 o 1 
—I 1 
w 1 ^ fO o o o co 1 ^ 1 CO NO NO oc o t CU cucu poeu 
z 1 
co< 1 o CU CU roPONO 1 o NO z 1 o ON NO O O NO O <c: 1 ^ LTVtrVNONO^ m ^ w 1 X CD & &. 1 
M < Z o W 1 ^ tfvccur^co Z w 1 o 1 z o o ^  o ^  c: > 1 W a. 
X 
OOOOO 
o o*~ o o 
ooooo 
ooooo 
ONvocr ocu cumcomf-
\o \o ^ C\J m-
o ^  ITN O fO 
o c C\j o fo 
eu 
QvCNi ON^eVi 
^CVICUOO 
sOJAroOO 
OOOOO 
T- ^  O fOO 
OCOCOO^ 
eoh-\ooo 
ooooo 
000tf\0 
ooooo 
ooooo 
OOOCVJO 
OOOCNJO 
r^O^roCSJ 0>00v^00v tOO\O^Sf^ 
c\j r- o ^  CO eu 1- c\j eu O^OOvO 
^iTvov^co r*"OO^o 
eu CO ^ iTkiTN C\j oommo CVJ 
moj cj t f%»-ir\ 
0if\0^0 
«*>Î^OCVJO 
coor^mco »- CO ifN r- CVJ r«-— CONÛ~ fo m r^os trvocooov 
if\co^-o\r^ eu CVJ ro CNJ CVJ if\NOON«*^ CM eu 1-" CVJ CVJ ^^^coeo fO CVJ CVJ^ CVJ f^iTvr^foco CVI CVJ CVJ CVJ CVI vo lA CO ^ NO eu CVJ CVJ CSJ CVJ CSvf^xOlfV® CVJ CVJ eu eu eu 
OSOVOVO CO CO^^NOCO CO VO CVJ CVJ ^Or^CUlTV fovocooeo ^COfOOCU 
O CO CO CO M vo ifMfMfvm 
CO OVONO CVJ CO RO ^ M CO 
por-r-iTvvû irv ITV IfV ITVITV 
r^voo\coov 
vO>OCOOf 
On CVJ CVJ Os 0\ irvvotrvirvtrv 
CO RO CO ON O 
eu 
CO EU ON ^ lf\lfV\0 LfWO 
Noifsov 
O eu ON CO o NOtfMTvirWO 
C ON eu m o CUO^CONO 
CVJNOOITVOV VOtfNNOlTVlTV 
CVJ eu NO ^ r^r^irvovvo 
O^OOO 00*"CU0 OO^^CU CVJ^O^^ eu CVJ ^ ^^ooo 
R^CO O\CU PO NO NO NO r-h" 
r*" r*" r*» r*» I I 1 I I 
trvvoo<^o 
rococo 
r*» h» r»» r*» S» I t I I I 
W 1 
ec t OOOOO OOO oo O 1 OOOOO ooo oo CO coco CO CO CO CO CO coco O 1 CO coco CO CO CO CO CO CO CO w t CO CO CO CO CO CO CO CO CO CO &. 1 CD CD CD CD CD CD CD CD CD CD 
ONCOO^iff eu eu ro ro ro NOVO NO NO >0 r»-f^r^r^b-t I I I I irMAtfvirMTv OOOOO 
r-co^cuifv 
VONOVONONO h» r* I 1 I I I IfMTVlfMfVtn ooooo 
ONO^ eu 
^^tfvirvtfv ifVtfMfVtfVlfV f«> r*» r**> r*» r*> I I I I I On On On On On 
O O O O O  
1*5 J-ITVONO iTv tTv trvirv NO ifvtfv tfv irv tfv fm» p*— r*- r*» I I I I I ON On ON ON Ot 
O O O O O  
Nor*-coo\o oooo»-r*» r*» h* r*"" 
I I t I I ooooo ooooo 
e^ecece^a ceKce ecccczgc: czcccco: cococococc 
CO (A CO CO CO 
CO CO CO CO CO 
CO CO CO CO CO 
CQ CD O GO O 
CO CO CO CO CO 
CO CO CO CO CO 
CO CO CO CO CO CD ea CO CO cs 
CO CO CO CO CO 
CO CO CO CO CO 
CO CO CO CO CO cs CD CQ es CD 
CO CO CO CO CO 
CO CO CO CO CO 
CO CO CO CO CO 
CD CD CD CD CD 
coco CO coco 
OCD CD CD O 
EXPERIMENT 85067 
PEDIGREE 
DS13(S)CO-77n 
BS13(S)C0-7712 
BS13(S)CO-771l| 
Bsiais CO-7716 
BS13(S)C0-7717 
BS13(S)C3-7786 
BS13(S)C3-7787 
BS13(S)C3-77a8 
BS13(SiC3-7789 
BS13(Sjc3-7790 
BS13(S)C3-7791 
BS13 S C3-7793 
Bsl3js5c3-779'l 
BS13(S|C3-7797 
BS13(S)C3-7798 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
-7II8I 
-71182 
-7ll85 
-71186 
-7487 
-71189 
-7491 
-7492 
-749'» 
-7495 
BSSS(R)C5-7646 
BSSS R C5-7647 
BSSS(R)C5-7648 
BSSS(RjC5-7649 
BSSS(R)C5-7651 
BSSS(R)C5-7652 
BSSS(R)C5-7655 
BSSS(R)C5-7656 
BSSS(R)C5-7659 
BSSS|R)C5-7660 
YIELD 
PLANTS ROOT STALK DROP 
PER HA MOIST LODGED LODGED EARS 
MG/IIA X1000 % % % % 
0.90 56.8 25.9 14.9 1.1 0.0 
0.52 56.8 29.6 5.4 13.5 0.0 
1.47 60.9 27.8 11.8 6.9 0.0 
0.22 57.4 24.0 0.0 3.1 0.0 
1.63 60.3 25.2 0.0 9.8 0.0 
1.54 60.3 22.8 5.0 2.9 0.0 
2.37 56.2 25.3 3.0 9.7 0.0 
1.09 58.6 27.6 9.5 14.5 0.0 
2.97 61.5 27.5 4.9 20.4 0.0 
2.50 59.7 28.1 12.9 22.4 1.0 
1.35 60.9 30.8 4.9 11.8 0.0 
1.33 61.5 24.6 0.0 1.0 0.0 
2.79 52.0 22.9 7.2 25.5 0.0 
1.35 53.8 25.2 0.0 26.2 0.0 3.78 56.2 25.8 52.4 9.3 0.0 
0.32 55.6 24.0 0.0 5.5 0.0 
0.42 54.4 25.9 4.4 9.9 0.0 
0.62 60.3 26.2 4.0 9.9 0.0 
1.32 60.9 27.3 15.7 7.8 0.0 
0.19 61.5 27.5 0.0 7.8 0.0 
0.49 51.4 33.6 0.0 9.2 0.0 
0.64 57.4 23.2 17.7 8.3 0.0 
1.81 53.2 29.6 29.8 18.1 0.0 
0.77 56.8 29.3 18.2 13.6 0.0 
1.47 58.6 22.5 5.0 20.6 1.1 
1.33 58.0 22.9 11.6 23.5 0.0 
0.87 41.2 22.8 27.2 2.7 0.0 
0.70 60.9 21.7 22.5 9.8 2.0 
1.21 61.5 24.5 5.9 23.4 0.0 
0.70 59.2 26.9 2.9 1.0 0.0 
1.07 53.8 25.5 2.2 15.5 1.1 
1.55 60.9 21.1 13.8 5.8 6.9 
0.80 55.0 28.1 10.7 23.0 0.0 
0.82 57.4 28.8 9.1 24.2 0.0 
1.58 60.3 22.8 0.0 8.1 0.0 
EXPERIMENT 85067 
PEDIGREE 
BSSS(R)C9-7561 
DSSS(R)C9-7562 
BSSS(R)C9 -7561 
BSSSfR 109 -7565 
BSSS(R )G9 -7566 
BSSS(R)C9 -7568 
BSSS(R)C9 -7569 
BSSS(R C9 -7570 
BSSS(RjC9 
-7571 
BSSS(R )C9 -7573 
BS13C0 -7719 
BS13C0 -7721 
BS13C0 -772:. 
BS13C0 -7727 
BS13C0 -7728 
BS13C0 -7731 
BS13C0 -7732 
BS13C0 -7733 
BS13G0 -7731 
BS13C0 -7737 
BS13(S )C3 
-7799 
BS13(S)C3 -7800 
BS13 S )C3 -7801 
BS13(S)C3 -7801 
BS13(S)C3 -7805 
BS13(S |C3 -7807 
BS13(S |C3 -7809 
BS13 S )C3 -7613 
BS13(S C3 -7811 
BS13(S )C3 -7815 
BSSSCO 
-7197 
BSSSCO -7198 
BSSSCO 
-7199 
BSSSCO -7500 
BSSSCO -7501 
PLANTS 
YIELD PER MA 
MG/IIA XI000 
2.03 57.4 
2.87 58.6 
0.63 60.9 
2. Oil 56.8 
1.00 62.1 
1.'I2 61.5 
2.86 57.1 
2.50 58.0 
2.01 55.0 
1.87 60.9 
1.02 56.6 
0.62 61.5 
1.56 56.2 
0.90 60.9 
2.12 60.9 
1.01 58.0 
1.00 59.8 
0.21 58.0 
1.18 58.6 
2.00 59.2 
0.71 61.5 
2.29 51.1 
2.17 56.6 
2.37 56.2 
1.26 59.8 
1.35 53.8 
2.02 60.3 
1.91 55.0 
2.01 59.8 
1.82 62.1 
0.11 61.5 
0.70 56.2 
0.39 51.1 
1.17 56.0 
1.32 55.6 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
" '%" % 
21.9 6.2 19. 1 0.0 
26.7 5.1 11. 5 1.0 
27.2 0.0 8. 8 0.0 
22.1 0.0 18.1 1.0 
29.3 0.0 3. 8 0.0 
25.3 31.2 18.1 1.0 
25.6 1.0 21. 7 1.0 
27.3 5.2 13. 3 2.0 
23.1 21.9 20. 7 0.0 
25.1 3.9 6, 6 1.0 
29.6 6.3 1. 1 1.0 
25.6 23.2 19. 1 0.0 
25.3 10.6 17. 1 0.0 
29.9 25.3 0. 0 0.0 
25.0 7.8 16. 7 1.0 
25.6 53.5 17. 5 0.0 
27.8 9.8 7. 9 2.0 
27.0 0.0 1. 1 0.0 
25.0 0.0 1. 0 0.0 
25.2 2.0 12. 1 0.0 
28.3 9.6 2. 9 0.0 
22.5 13.1 29. 0 2.5 
26.1 7.3 1. 3 0.0 
27.8 2.1 12. 8 0.0 
21.7 1.0 13. 0 1.0 
22.2 0.0 15. 1 0.0 
23.3 5.0 59. 3 0.0 
28.1 11.1 5. 1 0.0 
21.7 1.0 61. 0 0.0 
23.5 3.8 50. 0 0.0 
26.8 1.9 10. 7 1.0 
22.1 1.0 3. 2 0.0 
28.1 2.2 25. 6 0.0 
20.7 21.7 11. 1 0.0 
23.7 0.0 5. 7 0.0 
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co COCO coco 
co coco coco £DfiQffiCD0 
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co coco coco 
co co CO co co fiS £9 s a a 
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co co coco €0 
co co co co co 
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EXPERIMENT 85067 
PEDIGREE YIELD 
PLANTS 
PER HA 
MG/IIA X1000 
BS13(S)C3-7816 
BS13(S)C3-7817 
BS13(SjC3-7818 
BS13(S)C3-7819 
BS13(S)C3-7821 
BS13(S)C3-7825 
BS13(S)C3-7827 
BS13(S)C3-7829 
BS13 S)C3-7830 
BS13( 8)03-7831» 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
-7509 
-7510 
-7511 
-7514 
-7515 
-7517 
-7518 
-7519 
-7520 
-7523 
BSSS(R)C5-7677 
BS5S(R C5-7678 
BSSS(R)C5-7679 
BSSS(R)C5-7680 
BSSS(R)C5-7682 
BSSS 
BSSS 
BSSS 
BSSS 
BSSS 
R)C5-768'» 
R C5-7685 
R)C5-7686 
RiC5-7689 
R)C5-7691 
BSSS(R)C9-759U 
BSSSiR C5-7595 
BSSSjR)C5-7596 
BSSS(R)C5-7598 
BSSS(R)C5-7600 
1.86 
2 .21  
0.96 
1.85 
2.57 
1.05 
1.51 
2.88 
1.38 
1.95 
0.97 
0.77 
0.83 
1.81 
0.79 
1.17 
0.78 
0.19 
0.99 
1.68 
2.35 
1.02 
1.38 
1.95 
2.39 
2.26 
1.l|6 
1.78 
0.81 
1.85 
1.28 
2.95 
1.l|l» 
2.30 
1.tjO 
57.1» 
60.3 
60.3 
53.2 
60.3 
61.5 
58.6 
5"».i» 
61.5 
62.1 
56.8 
58.0 
51». I» 
58.6 
55.6 
60.3 
58.0 
59.2 
62.1 
56.2 
62,1 
59.8 
59.2 
57.U 
59.8 
51.*» 
61.5 
61.5 
58.6 
59.8 
57. »» 
57.»» 
62 .1  
60.3 
58.6 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
" ' %  "% 
25.7 0.0 26,2 0.0 
28.3 0.0 22,9 0.0 
23.6 2.0 25.8 0.0 
23.2 7,4 20.5 0.0 
28.1» 0,0 17.8 1.0 
22.7 0,0 9.7 0.0 
29.6 7.3 1.0 0,0 
27.6 22.8 4,3 0,0 
25.8 1.0 11,6 0,0 
23.3 17.3 38.5 1.9 
21». 2 0.0 15,8 0,0 
27.1 51.3 10.6 0,0 
24.2 2.2 8.9 0,0 
30.2 0.0 8.1 0.0 
27.3 52.2 36.9 1.1 
28.5 3.8 3.8 0.0 
22.2 12.3 4.2 2.1 
27.3 16.2 14.1 0.0 
26.6 15.4 13.5 0.0 
28.4 3.3 23.4 0.0 
25,6 1.9 11.5 0.0 
27.9 17.0 10.0 0.0 
25.0 2.1 37.8 0.0 
27.9 23.1 16.4 0.0 
27.8 9.0 21,0 1.0 
27.1» 1.0 9.7 0.0 
24.1 1.9 19.4 0.0 
22.1 9.7 11.7 0.0 
24.8 5.1 1.0 2.0 
22.2 4.1 41.9 0.0 
27.7 5.4 27.6 0.0 
25,8 13.5 8.3 1.0 
28.5 5.8 12.5 0.0 
25.2 4.1 16.9 1.0 
29.3 4.3 5.1 1.1 
EXPERIMENT 85067 
PEDIGREE 
BSSS(R)C5-7602 
BSSSiR)C5-7603 
BSSSjR)C5-760l| 
BSSS(R)C5-7605 
BSSSiR)C5-7607 
BS13(S)C0-7757 
BS13iS)CO-775B 
BSI3(S CO-7760 
BS13|sjC0-7761 
BS13(S)CO-7763 
BS13(S)CO-7765 
BS13(S)CO-7767 
BS13(S)C0-7770 
BS13 S)CO-7771 
BS13(S)C0-7772 
BS13(S)C3-7e35 
BS13(SjC3-7837 
BS13(S)C3-7839 
BS13(S)C3-78l|5 
BS13(S)C3-7850 
BS13|S)C3-7853 
BS13(S)C3-7857 
BS13 SjC3-7863 
BS13(s|C3-7866 
BS13(S)C3-7870 
BSSSCO -7524 
BSSSCO -7525 
BSSSCO -7526 
BSSSCO -7527 
BSSSCO -7530 
BSSSCO -7532 
BSSSCO -753'! 
BSSSCO -7535 
BSSSCO -751*0 
BSSSCO -751*2 
PLANTS 
YIELD PER HA 
MG/IIA X1000 
1.13 56.8 
1.93 59.2 
1.70 56.8 
1.73 61.5 
1.92 60.3 
0.55 58.6 
2.57 59.2 
1.90 58.0 
1.86 60.9 
1.1*3 59.8 
1.35 61.5 
1.01 59.8 
2.13 59.2 
1.07 56.8 
1.13 58.6 
3.17 53.2 
2.31 62.1 
1.18 61.5 
1.66 59.2 
2.31* 59.2 
2.91 62.1 
2.71» 55.0 
3.1*8 60.9 
3.45 58.6 
1.34 60.3 
0.26 61.5 
1.93 58.6 
0.92 60.3 
1.49 58.6 
2.24 59.2 
0.95 56.8 
0.51 53.8 
0.56 61.5 
1.33 60.3 
0.14 60.3 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% %" "% 
22.2 4. 2 47.2 0.0 
31.4 0.0 36.3 1.0 
26.3 4. 0 7.7 0.0 
28.1 10. 7 5.8 1.0 
28.5 5. 0 5.0 0.0 
28.4 3. 3 10.1 1.1 
29.1 50. 6 3.0 0.0 
24.3 11. 4 10.2 1.0 
29.4 8. 8 3.0 0.0 
30.4 12. 0 2.0 0.0 
27.4 2. 9 1.9 0.0 
26.8 0. 0 2.0 0.0 
22.8 0. 0 39.5 0.0 
25.7. 10. 2 5.1 2.2 
31.4 14. 8 19.2 0.0 
26.3 11. 2 6.8 2.3 
26.5 0. 0 8.7 0.0 
20.1 0.0 17.5 0.0 
20.5 22. 3 1.9 1.1 
27.6 26. 8 12.9 0.0 
24.0 0. 0 9.6 0.0 
26.5 9. 8 23.9 0.0 
24.9 1. 0 18.7 0.0 
24.2 1. 0 2.0 0.0 
28.4 4. 0 6.8 0.0 
27.1 40.8 1.0 0.0 
28.6 12.2 13.3 0.0 
24.2 5. 0 29.9 1.9 
27.6 2. 2 12.8 0.0 
25.1 6. 0 10.1 0.0 
27.3 14.7 3.1 0.0 
27.4 6. 8 1.3 0.0 
27.6 2. 9 9.7 0.0 
21.5 1. 0 12.8 0.0 
27.0 1. 0 0.0 0.0 
EXPERIMENT 05067 
PEDIGREE 
BSSS(R)C5-7692 
BSSS(Ric5-7695 
BSSS{R)C5-7696 
BSSS(R)C5-7697 
BSSS(R)C5-7698 
BSSS(R)C5-7699 
BSSS(R)C5-7700 
BSSSiR)C5-7701 
BSSSiRjc5-7703 
BSSS(RjC5-7705 
BSSS(R)C9-7609 
BSSS(R)C9-76n 
BSSS(R)C9-7612 
BSSS(R|C9-7613 
BSSS(Rjc9-7615 
0SSS(R)C9-7617 
BSSSiR)C9-7618 
BSSSIR C9-7619 
BSSSIR)C9-7623 
BSSS(R)C9-7625 
BS13(S)C0-777t* 
BS13(S)C0-7776 
BS13(S)C0-7777 
BS13(S)C0-7778 
BS13(S)CO-7779 
BS13(SJCO-7761 
BS13(S)C0-7782 
BS13 S)C0-7783 
BS13|S C0-778t| 
BS13(S)C0-7785 
BS13(SJC3-7872 
BS13(S)C3-7876 
BS13iS C3-7877 
BS13(S)C3-7878 
BS13(S)C3-7880 
PLANTS 
YIELD PER HA 
HG/MA X1000 
0.31» 58.0 
1 .'16 60.3 
1.'l7 56.8 
3.0') 59.8 
1.89 50.8 
1.27 62.1 
2.1(5 56.8 
2.67 55.6 
0.30 58.6 
1.57 56.8 
'1.77 56.8 
0.92 60.9 
1.93 60.3 
2.71 53.2 
1.62 58.0 
1.41 61.5 
1.78 58.6 
1.26 57.1» 
3.05 61.5 
O.it'l 60.9 
3.25 59.2 
1.l»2 60.3 
2.52 60.3 
0.22 59.2 
2.05 60.3 
1.59 60.3 
2.31» 60.9 
1.l»e 52.0 
0.52 57.1» 
0.61 62.1 
2.21 59.8 
2.51 59.2 
1.50 61.5 
3.70 61.5 
'1.57 62.1 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% % % % 
25.0 0.0 1.1 0.0 
22.7 0.0 23.7 1.0 
26.3 2.3 18.0 0.0 
23.3 14.0 12.0 0.0 
21». U 21.3 7.1 0.0 
23.9 0.0 5.8 0.0 
21». 2 10.3 23.4 0.0 
20.6 3.1» 8.0 0.0 
28.6 0.0 3.1 0.0 
23.8 18.9 10.5 0.0 
25.6 3.1 12.7 0.0 
26.8 3.9 7.8 0.0 
2»».3 17.0 7.9 0.0 
23.3 3.U 11.3 1.1 
27.3 3.1 2.0 0.0 
21.2 0.0 4.8 2.0 
28.2 6.9 4.2 0.0 
27.9 13.3 5.2 0.0 
21».3 0.0 9.7 0.0 
27.6 0.0 25.5 1.0 
22.0 5.2 16.9 0.0 
26.1 <».8 2.0 1.0 
23.1 0.0 21.9 0.0 
31.2 5.0 3.0 0.0 
23.8 0.0 5.0 1.0 
27.2 59.4 8.0 2.0 
25.3 1.0 12.7 0.0 
28.1» 31.1 8.2 0.0 
26.6 30.6 1.1 0.0 
25.9 29.8 0.0 0.0 
21». 1» 9.0 26.0 0.0 
21.0 0.0 11.1 0.0 
28.1» 0.0 9.8 0.0 
21.7 1.0 23.3 0.0 
20.5 1.0 26.0 1.9 
EXPERIMENT 05067 
PEDIGREE 
BS13(S)C3-7861 
BS13(S)C3-7882 
BS13(s)c3-7884 
DS13(S)C3-7868 
BS13iS)C3-7890 
PLANTS 
YIELD PER HA 
MG/HA X1000 
2.31» 60.9 
1.93 62.1 
2.17 59.2 
2.78 60.9 
0.67 60.9 
EXPERIMENT MEAN 1.50 58.'» 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% %" "% 
25.6 2.0 23.5 0.0 
2'l.7 1.0 6.7 0.0 
26.6 7.1 31.3 0.0 
30.1 7.8 17.5 0.0 
25.5 1.9 20.6 0.0 
25.9 8.9 14.2 0.1» 
EXPERIMENT OVERALL 
PEDIGREE 
BSSSCO -7467 
BSSSCO -7<l68 
BSSSCO -7'l69 
BSSSCO -71*72 
BSSSCO -7473 
BSSSCO -7'»75 
BSSSCO -7476 
BSSSCO -7'I78 
BSSSCO -7483 
BSSSCO -7480 
BSSS(R)C5-7629 
BSSS(RjC5-7628 
BSSS(R)C5-7630 
BSSS R)C5-7631 
BSSSjR)C5-7634 
BSSS(R)C5-7637 
BSSS(RjC5-7638 
BSSS|R)C5-7641 
BSSS(R)C5-7642 
BSSS(R)C5-7645 
BSSS(R)C9-7547 
B$$S(Rjc9-7549 
BSSS|R)C9-7550 
BSSS{R»C9-7551 
BSSSiRjC9-7552 
BSSS(R)C9-7553 
BSSS(R)C9-7554 
BSSS R)C9-7555 
BSSS R)C9-7559 
BSSS|R)C9-7560 
BS13(S)C0-7706 
BS13(S)C0-7707 
BS13|s)C0-7708 
BS13(8 CO-7709 
BS13(S|C0-7710 
PLANTS 
YIELD PER HA 
MG/HA X1000 
2.55 52.9 
1.74 59.1 
2.42 60.6 
1.85 60.0 
2.99 48.4 
2.26 60.1 
2.34 58.7 
1.76 59.5 
2.14 59.3 
2.41 58.7 
2.28 58.3 
1.09 53.7 
2.95 55.2 
4.09 57.3 
1.45 58.2 
0.98 55.6 
1.69 59.0 
2.55 56.4 
2.68 59.6 
4.47 59.9 
3.28 58.7 
3.40 60.0 
2.83 61.3 
3.22 60.5 
3.68 59.2 
3.01 59.5 
2.91 58.0 
2.92 60.2 
3.42 60.3 
3.80 60.9 
3.73 61.0 
3.62 58.6 
2.36 59.4 
2.79 47.6 
2.05 60.3 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
" '% % 
28.0 17.3 14.8 2.2 
26. I 5.8 16.4 0.9 
29.0 23.9 14.4 0.2 
27.2 13.6 14.4 0.0 
25.9 16.7 14.4 0.2 
23.9 5.7 25.2 1.2 
26.0 16.8 24.1 0. I 
29.1 19.0 12.0 0.7 
28.9 10.0 8.5 0.0 
26.9 14.1 13.6 1.3 
28.2 19.0 9.9 0.6 
28.8 20.5 8.5 0.4 
22.9 14.5 23.8 0.0 
22.6 10.6 23.7 0.2 
28.2 2.3 14.7 0.6 
27.3 40.4 14.0 0.9 
27.2 17.4 9.4 1.5 
27.0 19.1 7.2 0.1 
21.4 20.9 13.9 0.6 
27.9 21.9 10.3 0.7 
28.1 16.6 11.8 0.3 
26.0 36.3 9.7 0.0 
28.4 6.7 7.1 0.1 
24.4 14.3 11.7 1.5 
24.9 12.5 28.4 0.4 
25.1 32,4 2.5 0.2 
26.5 10.8 8.2 0.0 
29.1 14.9 12.3 0.3 
22.5 15.5 12.0 0.3 
25.0 15.7 4.2 0.7 
28.7 20.9 4.3 0.8 
25.6 22.6 3.8 1.0 
26.9 5.8 3.2 0.3 
23.3 15.2 37.6 0.7 
29.5 7.9 1.0 0.2 
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EXPERIMENT OVERALL 
PEDIGREE 
DSSS(R)C9-7561 
BSSSjR)C9-7562 
BSSS(R)C9-756I| 
BSSS|R)C9-7565 
BSSS(R)C9-7566 
BSSS(R)C9-7568 
BSSS(R)C9-7569 
BSSS(R)C9-7570 
BSSS R)C9-7571 
BSSS(R)C9-7573 
BS13C0 -7719 
BS13C0 -7721 
BS13C0 -7723 
BS13C0 -7727 
BS13C0 -7728 
BS13C0 -7731 
BS13C0 -7732 
BS13C0 -7733 
BS13C0 -7734 
BS13C0 -7737 
BS13(S)C3-7799 
BS13(S 03-7000 
BS13(S)C3-7801 
BS13(S)C3-780l| 
BS13(S)C3-7605 
BS13(S)C3-7607 
BS13(S)C3-7e09 
BS13(S)C3-7813 
BS13(S)C3-781I» 
BS13(S)C3-7615 
BSSSCO -7497 
BSSSCO -7498 
BSSSCO -7499 
BSSSCO -7500 
BSSSCO -7501 
YIELD 
PLANTS 
PER HA 
MG/HA X1000 
3.88 
4.26 
3.12 
3.70 
3.57 
59.7 
59.4 
57.2 
60.4 
61.9 
3.16 
4.27 
4.11 
3.37 
3.98 
61,3 
60.5 
60.5 
59.2 
59.1 
3.58 
3.07 
3.47 
4.10 
3.71 
58.2 
59.6 
57.1 
59.6 
58.2 
2.85 
3.39 
3.10 
3.49 
4.37 
60.1 
60.1 
59.7 
61.4 
59.9 
2.64 
4.05 
3.57 
4.19 
2.89 
61.6 
58.0 
51.1 
58.4 
59.7 
3.74 
3.28 
3.57 
4.14 
3.39 
59.6 
60.6 
59.1 
61.2 
62. 1 
2.31 
2.31 
1.02 
2.44 
1.97 
59.2 
59.9 
55.1 
60.5 
59.8 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% % % 
21.7 21.4 22.2 0.0 
24.7 22.0 7.0 0.7 
26.6 15.0 12.9 1.2 
22.5 10.9 18.9 0.7 
27.6 3.6 6.1 1.0 
24.8 37.5 17,8 0,7 
25.6 14.6 10.3 1.5 
26.5 30.3 6,8 0.8 
24.5 30.3 9.8 0.2 
24.6 14.8 6,6 0.7 
27.8 20.6 5,9 0.8 
24.9 37.0 11,0 0.2 
23.3 30.5 18,1 0.7 
27.0 43.2 5,7 0.2 
24.0 38.6 15,8 1.9 
25.3 62.6 15,7 0.0 
26.8 30.1 8.9 1.7 
26.7 1.4 2.2 0,4 
S3.6 12.9 7.8 0.5 
24.1 18.6 5.4 0.2 
28.1 41.5 3.4 0.0 
24.6 33.9 21.0 0.4 
26.4 14.5 7,1 0.2 
27.6 19.9 9,1 0.0 
25.6 25.9 11.2 0.3 
21.7 4.2 18.2 0.0 
23.4 26.6 30.8 0. 1 
26.2 20.2 8.4 0.2 
25.7 24.3 30.0 0.1 
25.1 14.0 27.3 0.0 
26.7 10.0 6.9 0.6 
22.2 8.2 13.6 0.1 
27.5 11.5 16.1 0.0 
21.0 25. 1 45.5 0.8 
24.7 10.9 1.9 0.3 
EXPERIMENT OVERALL 
PEDIGREE 
PLANTS 
YIELD PER HA 
MG/HA XIOOO 
OSSSCO 
DSSSCO 
BSSSCO 
DSSSCO 
BSSSCO 
-7503 
-7504 
-7505 
-7506 
-7508 
BSSS(R)C5-7661 
BSSS(R)C5-7662 
BSSS(R 05-7663 
BSSS(R)C5-7666 
BSSS(R)C5-7667 
BSSS(R)C5-7668 
BSSS(R)C5-7672 
BSSS(R)C5-7673 
BSSS(R)C5-7674 
BSSS(R)C5-7675 
BSSS(R)C9-7574 
BSSSIR)C9-7577 
BSSS(R)C9-7579 
BSSS(R)C9-7581 
BSSS(R)C9-7582 
BSSS(R)C9-7583 
BSSSjR C9-7586 
DSSS(R)C9-7587 
BSSS(R)C9-7588 
BSSS(R>09-7592 
BS13(S)C0-7738 
BS13(s|C0-7739 
BSt3(S)C0-77'l0 
BS13 S)C0-7741 
BS13(S)C0-77I»2 
BS13(S)C0-7746 
D813(sjc0-7750 
BS13(S)C0-7751 
BS13(S)C0-7755 
BS13(S)CO-7756 
2.77 
0.59 
2.13 
1.08 
1.52 
2.16 
1.92 
2 . 6 6  
1.64 
2.53 
3.46 
2 .60  
2.03 
2.70 
2.70 
2.94 
3.13 
4.20 
3.80 
3.24 
4.36 
3.86 
3.73 
4.13 
3 .66  
2.76 
3.13 
3.94 
3.82 
3.85 
2.97 
3.25 
3.07 
2.85 
2.39 
61.1 
59.9 
60.6  
59.4 
58.8 
57.8 
55.0 
54.0 
59.2 
53.4 
60.0 
58.9 
59.1 
61.7 
60.9 
59.8 
61.5 
59.2 
60.0 
59.4 
.60.9 
60.7 
60.0  
60.4 
60.7 
60.9 
60.0 
47.0 
59.8 
56.4 
60.0 
59.3 
44.9 
58.4 
60.1 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% % % % 
27.0 5.6 18.8 1.4 
28.0 13.6 18.0 1.1 
25.5 2.3 11.5 1.2 
23.0 6.5 26.5 2.1 
28.3 7.3 7.6 0.5 
22.4 2.9 17.0 1.7 
28.3 16.5 21.8 3.0 
22.6 18.0 21.3 1.5 
29.5 3.9 10.0 0.0 
24.1 20.8 7.0 0.9 
25.7 22.1 23.5 0.5 
26.1 17.4 42.6 0.5 
23.2 27.2 42.3 0.6 
23.6 13.2 16. 1 0.0 
22.8 25.4 7.4 0.1 
28.0 14.6 10.2 0.2 
30.4 5.4 10.0 0.6 
25.0 13.4 9.6 1.5 
25.9 23.0 21.9 0.2 
26.3 32.2 8.5 0.5 
26.0 41.9 6.6 0.5 
27.4 10.4 17.0 1.7 
25.4 13.7 11.4 0.7 
26.8 32.5 21.8 0.3 
25.7 13.5 7.7 0.3 
19.5 23.5 12.2 0.3 
29.2 35.3 6.5 1.0 
27.7 38.3 4.7 0.2 
26.1 36.6 9.8 0.2 
26.6 7.0 22.1 0.0 
24.6 4.2 22.2 0.4 
25.8 22.9 11.5 0.5 
21.9 9.2 17.7 0.0 
26.9 52.9 27.1 0,2 
24.7 18.1 2.4 0.0 
EXPERIMENT OVERALL 
PEDIGREE 
BS13|S)C3-7816 
BS13(S)C3-7817 
BS13(S)C3-7818 
BS13 S)C3-7819 
BS13(S)C3-7821 
BS13(S)C3-7625 
BS13(S)C3-7827 
BS13(S>C3-7829 
BSI3(sjC3-7630 
BS13(8 03-7831» 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
BSSSCO 
-7509 
-7510 
-7511 
-751'» 
-7515 
-7517 
-7518 
-7519 
-7520 
-7523 
BSSS(R)C5-7677 
BSSS(R)C5-7678 
BSSS R)C5-7679 
BSSSiR)C5-7680 
BSSS(R)C5-7602 
BSSS(R)C5-768I» 
B5S5|R)C5-7685 
BSSS(R C5-7686 
BSSSIR)C5-7689 
BSSS|R)C5-7691 
BSSS(R)C9-759'» 
BSSS(R)C5-7595 
BSSS(R C5-7596 
BSSS R)C5-7598 
BSSS|R)C5-7600 
PLANTS ROOT STALK DROP 
YIELD PER HA MOIST LODGED LODGED EARS 
MG/IIA X100Q % % % % 
3.76 60.6 2I».0 5.5 18.0 0.0 
<1.31 61.5 27.0 7.1 19.7 0.2 
2.31 61.5 2'l.2 1i».7 24.'» 0.1 
2.83 59.9 22.8 20.6 33,1» 0.2 
'».i»7 60.9 26.7 23.5 10.7 0.2 
2.83 58.6 26.1 6.2 13.5 0.2 
3.00 59.6 28.7 17.2 2.1 0.0 
'».77 60.7 26.0 32.5 '».5 0.0 
3.80 60.5 26.'» 2.2 19.9 0.0 
I».2l4 61.3 21.8 33.1 31.5 0.4 
2.93 60.1 26.8 3.2 13.3 0.1 
1.8'» 56.2 27.1» 53.3 27.9 0.0 
I.'»»» 56.6 25.2 7.6 29.9 0.0 
'».07 59.7 30.'» 12.9 10.9 1.5 
2.10 57.7 21».7 29.3 28.8 5.7 
1.98 59.'» 28.9 23.8 17.0 5.0 
1.60 5^  ^ 23.7 16.2 3.6 0.5 
1.37 58.6 28.3 30.8 8.1» 0.2 
1.21» 55.6 25.7 19.1» 6.7 0.3 
2.77 55.5 27.6 20.3 17.6 0.3 
2.7'» 50.7 27.0 10.0 6.2 1.0 
2.53 58.5 26.6 25.5 14.2 1.3 
3.51 59.9 25.1» 15.6 25.5 0.6 
3.71 58.3 28.8 35.5 23.6 0.3 
3.71 52.3 26.2 1'».9 21.'» 0.3 
3.l»9 5'».0 25.1» 13.2 11.1» 0.2 
2.59 57.2 23.8 5.8 17.9 0.5 
2.51 60.*3 2'l.7 20.5 6.3 0.1 
1.85 56.6 25.5 10.7 l».2 0.9 
2.81 57.1» 22.7 14.9 19.3 0.0 
2.61 59.2 26.0 25.5 34.2 0.4 
3.8'» 56.9 25.3 17.8 10.0 1.0 
'1.21 59.9 27.6 17.1 11.8 2.1 
2.86 59.0 28.1 lu.a 11.7 0.2 
2.69 58.9 28.1 11».0 5.6 0.6 
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EXPERIMENT OVERALL 
PLANTS 
PEDIGREE YIELD PER HA 
MO/HA X1000 
BSSS(R)C5-7692 1.31 59.U 
BSSS(R)C5-7695 2.8'# 59.6 
BSSSIR C5-7696 2.33 1,3.3 
BSSS(R C5-7697 3.73 59.6 
BSSS(RjC5-7698 3.18 5'».1 
BSSS{R)C5-7699 4.12 61.3 
BSSS(R)C5-7700 3.39 55.1 
B3SS(R)C5-7701 2.7'* 59.1 
BSSS R)C5-7703 1.31 51.0 
BSSS(R)C5-7705 2.81 52.1 
BSSS(R)C9-7609 3.81 52.'» 
BSSSI R)C9-76n 2.60 58.2 
BSSSI R)C9-7612 3.314 59.7 
BSSSi RiC9-7613 3.62 57.7 
BSSS(R)C9-7615 3.27 59.1 
DSSS(R|C9-7617 3.32 60.5 
BSSS(R)C9-7618 2.34 58.6 
BSSS(R)C9-7619 2.68 60.1 
BSSS(R)C9-7623 4.07 60.6 
BSSS(R)C9-7625 2.80 61.4 
BS13(S)C0-7774 4.15 59.0 
BS13{S)C0-7776 3.99 59.5 
8013(8)00-7777 4.44 56.1 
BS13(S CO-7778 2.54 60.7 
BS13(S)C0-7779 4.13 60.3 
BS13(S)C0-7781 4.14 58.1 
BS13(S)C0-7762 4.10 56.6 
BS13(S)C0-7783 3.79 56.1 
BS13(SjC0-7784 2.45 57.8 
BS13(SjC0-7785 2.92 59.2 
BS13|S)C3-7872 4,68 59.5 
BS13(S)C3-7876 4.63 60.8 
BS13(S C3-7877 3.06 60.7 
BS13(S)C3-7878 4.18 60.3 
BS13(SjC3-7880 5.23 58.4 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% "% 
26.4 1, 5 4.2 1.3 
24.3 7. 6 13.0 0.7 
26.4 14. 0 5.7 0.0 
23.4 24.9 18.3 0.2 
24.8 21, 2 9.'» 0.2 
25.5 14. 1 5.2 0.0 
23.3 23. 6 19.9 0,4 
22.4 11. 9 8.9 1.0 
26.7 8. 2 5.8 0.4 
25.0 26, ,6 11.7 0.0 
26.9 14. 2 10.6 0.8 
28.2 5. ,1 4.3 0.2 
23.5 21, 1 12.7 0.2 
25.4 11, 1 9.5 0.8 
27.6 19. 8 2.9 0.2 
23.3 2, 3 6.3 1.0 
28.9 11, 1 5.8 0.3 
26.4 20, 5 5.3 0.5 
26.8 9, 8 5.9 0.6 
26.1 12, 0 16.2 1.8 
20.0 13, 7 13.9 0.2 
27.9 27, 0 8.6 0.9 
25.9 18, 0 14.8 0.1 
28.1 14. 8 1.8 0.2 
24.7 13, 3 23.1 1.1 
26.6 56, 5 13.9 0.3 
26.7 12, 0 18.1 0.0 
28.5 35.4 12.0 0.0 
26.7 36, 3 2.4 0.0 
27.0 35, 5 7.4 0.0 
22.9 20, 5 17.5 0.0 
21.0 8.7 9.4 0.0 
29.0 8.0 9.3 0.2 
21.7 5, ,4 13.8 0.0 
21.6 14, 5 15.7 1.0 
EXPERIMENT OVERALL 
PEDIGREE 
DS13(S)C3-7881 
BS13(S)C3-7882 
BS13(S)C3-788't 
BS13|S)C3-7888 
BS13(S)C3-7890 
PLANTS 
YIELD PER HA MOIST 
MO/HA X1000 
"'% 
5.30 58. 27.0 
11.52 61.3 2t.0 
'1.58 58.9 22.8 
'1. 16 60.2 26.1 
3.08 59.6 23.2 
EXPERIMENT MEAN 3.06 58.5 25.8 
ROOT STALK DROP 
LODGED LODGED EARS 
% % % 
1». 6 9.5 0.0 
26. 0 7.1 0.1 
26. 0 29.'1 0.2 
25. 0 m.i» 0.1 
22. 6 30.6 0.1 
19.0 13.5 0.5 
EXPERIMENT 8I»091 
PEDIGREE 
BSSSCO 
DSSS(HT1C2 
BSSS(HT)CI| 
BSSS|HT)C6 
BS13C0 
BS13(S)Ca 
BS\3iS)CU 
BSSSiR)C2 
BSSSjRiCI) 
BSSS(R)C6 
BSSS(R)Ce 
BSSS|R)C10 
BSSSCO SELF 
BSSS(HT)Ca SELF 
BSSS(HT)C4 SELF 
BSSS(HT)C6 SELF 
BS13C0 SELF 
BS13(S)C8 SELF 
BS13SCI* SELF 
BSSS(R)C2 SELF 
BSSS(R)CI| SELF 
BSSS|R)C6 SELF 
BSSSi Rjce SELF 
BSSS(R)C10 SELF 
BSSSCO 
BSSS(MT)CI|KBSSSCO 
BS13C0XBSSSC0 
BS13(S)CI|XBSSSC0 
BSSS(R)CI|XBSSSCO 
BSSS(R)C8XBSSSC0 
osss(R)cioxosssco 
BSSS(R)CI»KBSSS|HT)CU 
BSSS(R»C6XBS13C0 
BSSS(R)C10XBS13(S)Cl4 
BSSSC0XBSCB1C0 
PLANTS 
YIELD PER l»A 
MG/HA XI000 
2.36 61.7 
t .20  60 .9  
3.7I| 60.1 
3.1(9 60.5 
'4.18 61.3 
3.80 57.8 
1.05 60.9 
3.49 60.9 
3.29 61.7 
5.1% 60.5 
3.86 62.1 
3.79 61.7 
3.23 60.1 
2.30 59.7 
2.51 53.0 
2.33 59.7 
2.03 57.4 
3.06 58.6 
2.117 59.7 
1.50 61.3 
1.64 60.5 
2.16 58.6 
2.23 59.7 
2.76 62.1 
2.58 60.1 
4.25 61.7 
4.43 60.9 
4.72 58.6 
4.83 62.1 
4.04 61.7 
4.26 62.1 
3.64 60.9 
5.92 61.3 
5.88 61.7 
4.10 59.4 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% "T"  
32.5 1.3 32.8 0.6 
31.6 2.6 28.8 0.0 
31.4 1.3 21.9 0.6 
34.9 1.4 17.3 0.0 
31.2 1.3 13.7 0.6 
28.8 0.0 21.1 0.7 
25.3 0.0 16.2 0.6 
29.4 0.0 28.4 0.0 
26.4 0.0 9.7 0.6 
27.0 0.0 12.5 1.3 
25.4 1.3 10.3 0.0 
25.2 0.0 9.7 0.0 
30.6 1.3 13.9 0.7 
31.3 0.0 17.4 0.0 
35.4 1.6 14.6 0.0 
36.1 4.7 13.9 0.0 
33.3 0.0 11.5 0.7 
31.5 0.0 8.0 0.0 
29.3 0.0 23.0 1.3 
27.7 0.0 17.6 0.0 
24.8 0.7 21.1 0.0 
31.7 1.4 6.8 0.0 
30.2 0.7 10.0 0.0 
30.4 0.0 8.3 0.6 
31.5 0.0 37.2 0.0 
28.4 0.0 23.8 0.7 
29.5 1.3 17.0 0.7 
28.6 0.7 26.4 0.0 
24.7 0.0 24.4 0.0 
27.2 0.0 23.2 0.0 
28.6 0.6 21.8 0.6 
25.5 2.0 10.5 0.0 
27.5 0.0 19.4 0.6 
26.2 0.0 14.2 0.0 
24.6 0.7 22.8 0.0 
EXPERIMENT B'iOÇI 
PLANTS 
MO/HA XI000 
BSSS(R)C6XBSCB1(R)C6 5.95 61.7 
BS13COXOSCB1(R)C6 5.71 59.7 
BSSS(R)C10XBSCB1(R)C10 6.03 62.1 
BS13|S)CI|XBSCB1(R)C10 5.8W 61.7 
DSSSCOXM017 6.01 60.9 
BSSSIR)C6XM017 7.50 59.4 
DSSSiR)C10XHD)7 7.58 62.1 
BS13C0XM017 7.27 62.1 
BS13(S)Ci»XM017 6.99 61.7 
BSSSiR)G10 3.60 60.9 
BS13(S)CU 3.19 60.9 
BSSS{R)C9XBS13(S)C3SYN3 3,80 60.5 
B81XM017 9.71 61.3 
B73XM017 8.73 62.1 
FARMERS ENTRY 1.63 62.1 
EXPERIMENT MEAN 1.30 60.6 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
" '% % "% 
25.2 0.0 22,6 0 . 6  
27.7 0.7 25.0 0.0 
22.6 0.0 11.7 0.0 
21.6 0.0 18.7 0.6 
26.9 0.6 11.3 1.3 
28.8 0.0 19.5 0.7 
29.1 0.0 13.5 0.6 
28.1 0.0 10.3 0.6 
27.0 0.0 11.1 0.6 
27.0 0.0 18.8 0.6 
26.7 0.0 17.7 0.0 
29.0 1.3 15.0 0.0 
27.8 0.0 26.0 0.0 
30.0 0.0 1.5 3.2 
31.5 0.0 32.7 0.0 
28.7 0.5 17.9 0.1 
EXPERIMENT 8I|092 
PEDIGREE 
DSSSGO 
BSSS(IIT»C2 
BSSS(HT)CI» 
BSSS(HT)C6 
BS13C0 
BS13(S)C2 
BS13 S)CI| 
BSSS(R)C2 
DSSSiR)CI| 
BSSS(R)C6 
BsssrR)ce 
BSSS(R)C10 
BSSSCO SELF 
BSSS(HT)C2 SELF 
BSSS(HT)Cl4 SELF 
BSSS(IIT)C6 SELF 
BS13C0 SELF 
B813(S)C2 SELF 
BS13SCI» SELF 
BSSS(R)C2 SELF 
BS5S(R)C4 SELF 
BSSS(R)C6 SELF 
BSSS(R|C6 SELF 
BSSS(R)C10 SELF 
BSSSCO 
BSSS(HT)CL4XBSSSC0 
BS13C0XBSSSC0 
BS13(S)Cl|XBSSSC0 
BSSS(R)CltXBSSSCO 
BSSS(R)C0XBSSSCO 
DSSS(R)C10XBSSSC0 
BSSSj R|ci4XBSSS( MT )C»4 
BSSS(R)C6XBS13C0 
BSSS(R)C10XBS13(S)G(| 
BSSSCOXBSGBICO 
PLANTS 
YIELD PER HA 
MG/HA X1000 
1.51 59.7 
2.03 59.7 
2.1)6 57.0 
3.38 59.1 
2.61 62.1 
2.29 60.1 
2.70 58.6 
1.91 60.5 
1.7'» 60.9 
2.75 58.6 
3.01 61.3 
2.6% 61.3 
0.70 57.(1 
0.69 59.0 
0.88 55.'* 
1.68 60.1 
1.61 59.7 
1.86 57.8 
2.13 59.7 
1.26 60.9 
1.21» 56.6 
0.95 58.2 
1.02 59.0 
1.60 60.1 
1.93 59.7 
1.88 59.4 
2.67 61.7 
2.77 60.9 
2.70 60.1 
3.00 60.1 
2.80 59.7 
3.17 60.5 
3.36 61.3 
5.03 57.4 
2.46 59.7 
ROOT 
MOIST LODGED 
% % 
26.2 12.5 
24.2 12.0 
23.5 13.4 
26.0 21.8 
24.5 26.9 
24.7 8.7 
24.2 9.0 
20.3 5.3 
22.1 7.2 
24.0 13.4 
21.9 12.4 
24.0 8.4 
24.6 8.3 
23.8 7.4 
25.2 7.2 
25.6 19.9 
26.2 17.9 
24.0 5.5 
22.7 12.0 
22.0 6.5 
21.7 6.5 
24.6 8.1 
22.4 10.2 
24.6 15.1 
24.2 12.0 
23.4 10.1 
24.3 16.1 
23.2 7.9 
22.9 12.9 
23.9 16.5 
22.2 7.9 
23.2 10.5 
25.6 11.7 
23.3 6.9 
20.9 8.6 
STALK DROP 
LODGED EARS 
% % 
16.6 0.0 
25.4 0.6 
22.4 0.7 
26.1 0.7 
10.3 0.0 
26.3 0.7 
35.1 0.0 
24.3 0.0 
39.4 3.2 
27.3 0.6 
27.9 0.0 
20.7 0.0 
24.9 1.3 
17.8 0.6 
16.3 1.5 
11.3 1.3 
19.6 0.0 
34.7 0.7 
29.9 0.0 
24.3 1.9 
27.3 0.0 
19.5 0.7 
16.2 2.0 
19.3 0.0 
25.3 2.0 
30.1 0.0 
17.4 1.3 
33.9 0.0 
32.1 1.4 
22.5 0.6 
27.4 0.0 
30.3 0.7 
23.4 1.3 
30.9 0.0 
41.3 1.3 
EXPERIMENT 81,092 
PEDIGREE 
BSSS(R)C6XDSCD1(R)C6 
BS13C0XBSCB1(R)C6 
BSSSIR)C10XBSCB1(R)C10 
BSI3(S)C',XBSCB1(R)C10 
BSSSC0XM017 
BSSS(R)C6XM017 
BSSS(R)C10XH017 
BS13C0XM017 
BS13(S)CUXM017 
BSSS(R)C10 
8S13(SIC(| 
B5SS(R)C9XBS13(S)C3SYN3 
B81XM017 
B73XM017 
FARMERS ENTRY 
PLANTS 
YIELD PER HA 
MG/HA XIOOO 
W.73 61.7 
3.97 55.0 
'1.75 60.9 
5.55 58.6 
<1.16 59.0 
5.79 59.0 
5.3'» 60.9 
'1.76 61.3 
W.57 60.9 
2.63 60.9 
2.13 59.0 
3.I|3 61.7 
6.1,2 61.7 
'1.83 59.1» 
4.67 60.5 
EXPERIMENT MEAN 2.88 59.7 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
" % % ' % 
22.7 11.0 23.2 0.6 
22.7 12.2 28.3 0.6 
21.5 11.7 26.8 2.6 
19.7 6.0 31.6 0.7 
21.9 6.2 26.8 1.0 
23.1 2.0 25.0 1.8 
22.9 1.3 21.6 3.9 
22.7 6.1 20.6 3.2 
22.7 5.2 18.9 2.0 
22.0 10.3 25.1 0.6 
23.9 6.8 28.9 0.7 
21.1 11.6 29.1 0.0 
22.1 7.9 11.7 3.3 
22.3 2.7 19.5 3.1 214.7 5.3 26.9 1.9 
23.1 10.1 21.8 1.1 
EXPERIMENT 8M093 
PEDIGREE 
BSSSCO 
BSSS(HT)C2 
BSSS|HT)CI» 
BSSS(IIT)C6 
BS13C0 
BS13(S)C2 
Bsnjsjcu 
BSSS(RjC2 
BSSS(R)CI| 
BSSS(R)C6 
BSSS(R)CE 
BSSS(R)C10 
BSSSCO SELF 
BSSS(HT)C2 SELF 
BSSS(HT)C«I SELF 
BSSS(HT)C6 SELF 
BS13C0 SELF 
BS13(S)C2 SELF 
BS13SCI» SELF 
BSSS(R)C2 SELF 
BSSS(R)CLL SELF 
BS5S(R)C6 SELF 
BSSS(R)C8 SELF 
BSSS(R)ctO SELF 
BSSSCO 
BSSS(MT)CI(XBSSSCO 
BS13C0XBSSSC0 
BS13(S)CI»XBSSSC0 
BSSS(R|C<«XBSSSCO 
BSSS(R)C8XBSSSC0 
BSSS(R)G10XBSSSC0 
BSSSIR)CI»XBSSS(HT)CI» 
BSSS(R)C6XBS13C0 
BSSS(R)C10XBS13(S)CI| 
BSSSCOXBSCBICO 
PLANTS 
YIELD PER HA 
MG/HA XI000 
'1.70 59.7 
5.OB 61.7 
5.35 59.7 
5.71» 60.9 
5.98 60.5 
6.32 60.5 
6.23 61.7. 
4.94 60.5 
5.68 61.3 
5.03 60.9 
6.42 62.1 
5.88 60.1 
2.57 59.4 
3.52 60.5 
3.91 58.2 
4.27 55.0 
4.09 58.6 
4.93 60.5 
5.02 62.1 
2.82 58.6 
2.90 61.3 
3.16 49.4 
3.45 56.2 
4.24 61.7 
5.24 61.7 
5.55 58.2 
6.97 61.7 
7.68 59.7 
5.60 59.7 
5.27 59.4 
6.61 60.5 
5.89 61.3 
6.65 60.9 
7.81 57.8 
4.88 60.1 
ROOT 
MOIST LODGED 
% % 
25.0 70.2 
26.6 76.8 
24.7 73,9 
24.5 86.5 
27.0 79.9 
24.9 38.8 
24.4 48.1 
22.6 93.5 
22.2 76.9 
25.7 89.5 
24.1 81.4 
24.8 84.4 
24.2 76.6 
23.2 68.5 
25.5 93.6 
25.7 65.7 
2 6 . 8  8 8 . 5  
22.4 53.5 
22.8 74,4 
24.9 91.2 
21.9 91.6 
25.4 69.4 
25.2 90.8 
23.9 69.8 
25.9 80.6 
26.1 80.0 
27.0 92.2 
25.4 86.6 
23.3 85.0 
27.1 80.2 
23.6 74.9 
23.5 66.8 
27.2 75.0 
27.3 69.9 
22.0 97.3 
STALK DROP 
LODGED EARS 
% % 
14.6 0.0 
21.2 0.0 
15.4 0.7 
15.6 0.0 
11.0 0.7 
22.3 0.6 
15.6 0.0 
12.4 0.0 
18.9 0.6 
13.0 0.0 
16.7 0.6 
10.6 0.0 
18.9 0.0 
19.1 0.0 
18.5 0.7 
9.3 0.7 
16.0 0.7 
17.1 0.7 
12.8 0,6 
27.0 0.7 
15.5 0.6 
30.8 0.0 
12.0 0.0 
22.6  0 .0  
20.0 0.0 
8.9 0.7 
16.7 0.0 
17.4 0.7 
15.8 0.0 
20.9 0.7 
16.5 0,0 
22.1 0,0 
18.2 0.7 
18.9 0.0 
14.1 0.0 
EXPERIMENT 8'1093 
PEDIGREE 
DSSS(R)C6KBSCB1 ( R)C6 
BS13C0HBSCB1(R)C6 
BSSS(R)C10XBSCB1(R)C10 
BS13(S)CI|XBSCB1(R)C10 
BSSSC0XM017 
BSSS(R1C6XM017 
BSSS|R)C10XM017 
BS13C0XH017 
BS13(S)CI*XM017 
BSSS(R)C10 
BS13(S)CI| 
BSSS(RjC9XBS13(S)C3SYN3 
B0HXMO17 
B73XM017 
FARMERS ENTRY 
PLANTS 
YIELD PER HA 
MG/IIA XI000 
7.2I| 60.1 
7.34 60.5 
8.10 61.7 
9.05 60.9 
9.00 62.1 
8.35 61.3 
8.29 61.3 
6.53 60.5 
7.97 61.3 
5.61 60.1 
5.88 60.5 
6.73 60.5 
11.25 61.3 
8.97 59.0 
5.60 61.3 
EXPERIMENT MEAN 5.97 60.1 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
"T 
22.9 84.6 12.6 0.0 
21».7 78.6 13.8 1.4 
21».2 83.2 27.1 0.0 
22.5 84.3 18.9 0.7 
23.9 79.5 13.5 0.0 
26.5 51.6 17,5 0.0 
27.7 71.6 13.7 0.7 
23.7 89.5 16.4 0.7 
21». 3 73.4 12.4 0.7 
23.4 75.4 20.5 0.0 
25.0 77.7 23.7 0.0 
25.4 01.2 16.0 0.0 
24.3 77.3 10.4 1.3 
25.4 90.8 24.8 0.0 
27.2 96.7 16.2 0.0 
24.8 78.4 17.1 0.3 
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PEDIGREE 
BSSS(R)C6XDSCB1(R)C6 
BS13C0XBSCB1(R)C6 
BS5S(R)C10XBSCB1(R)C10 
BS13(S)CI«XBSCB1(R)C10 
BSSSC0XM017 
BSSS(R)C6XM017 
BSSSjR)C10XH017 
BS13C0XM017 
BS13(S)CI|XH017 
BSSS(R)C10 
BS13(S)CI| 
BSSS(RjC9XBS13(S)C3SYN3 
B8WXM017 
B73XM017 
FARMERS ENTRY 
EXPERIMENT MEAN 
ROOT STALK DROP 
HOIST LODGED LODGED EARS 
% % % % 
31».3 14.1 24. ,2 0.0 
33.1 22.7 30, 2 0.0 
30.6 6.6 13, ,2 0.0 
32.8 27.4 17.6 0.0 
30.7 4.6 46, 9 0.0 
32.0 1.9 21, , 1 0.0 
30.2 4.7 11, 3 0.0 
32. l| 14.4 35, 5 0.0 
30.8 7.3 29, 5 0.0 
34.1 21.7 10, ,2 0.0 
31».8 28.2 21, ,4 0.0 
34.5 15.6 14, ,1 0.0 
30.9 23.0 19, , 1 0.0 
29.0 17.0 41, .6 0.0 
34.1 3.3 15, .3 0.0 
3I1.5 23.1 20.2 0 . 1  
EXPERIMENT 814095 
PEDIGREE 
BSSSCO 
BSSS(IIT)C2 
BSSS(IIT)Cli 
BSSS(HT)C6 
BS13C0 
BS13(S)C2 
Bsi3(sjc»» 
BSSS(R)C2 
BSSSfRjCM 
BSSS(R)C6 
BSSS(R)C8 
0SSS(Rjci0 
BSSSCO SELF 
BSSS(IITj02 SELF 
BSSS(IIT)CI| SELF 
BSSS(IIT)C6 SELF 
BS13C0 SELF 
BS13(S)C2 SELF 
BS13SCI* SELF 
BSSS(R)C2 SELF 
BSSS(R)CI| SELF 
BSSS(RiC6 SELF 
BSSS(R)C8 SELF 
BSSS(R)C10 SELF 
BSSSCO 
BSSS(IIT)CI|XBSSSCO 
BSI3C0XBSSSC0 
BS13(S)C<|XBSSSC0 
BSSSIR)CI|XBSSSCO 
BSSS(R)G8XBSSSC0 
BSSS(R)C10XBSSSC0 
GSSS(R)C4XBSSS(IIT)C(* 
BSSS(R)C6XBS13C0 
BSSS(R)C10XBS13(S)CI» 
BSSSC0XBSCB1C0 
PLANTS 
YIELD PER HA 
MO/IIA X1000 
'1.60 57.0 
4.99 58.6 
6.62 58.2 
5.35 60.5 
6.05 57.0 
6.55 57.1» 
6.28 59.1 
5.53 60.5 
l».7l< 61.7 
5.38 59.4 
5.55 55.i| 
4.65 59.4 
2.68 54.6 
3.23 51.8 
3.54 54.6 
5.21 56.2 
4.07 59.7 
4.65 58:2 
4.50 55.8 
4.83 56.6 
4.64 57.8 
3.84 56.6 
3.72 55.8 
5.72 59.7 
5.65 58.6 
4.79 59.4 
6.35 62.5 
5.53 58.2 
4.80 60.1 
6.49 58.6 
6.39 59.7 
6.51 60.1 
7.81 60.1 
8.21 59.7 
6.05 60.9 
ROOT 
MOIST LODGED 
% % 
24.7 
26.6 
26.2 
24.4 
26.5 
0.0 
0.0 
0.0 
0.0 
0.0 
23.7 
23.9 
25.7 
23.1 
25.2 
0.0 
0.0 
0.0 
6.0 
0.0 
26.2 
26.0 
28.3 
25.4 
25.9 
0.0 
0.0 
0.0 
0.0 
0.0 
25.0 
25.9 
25.5 
25.1 
25.1 
8.7 
0.0 
0.0 
0.0 
0.0 
24.8 
25.6 
25.7 
26.2 
25.6 
0.0 
0.0 
0.0 
0.0 
0.0 
26.3 
26.5 
25.8 
24.3 
25.1 
0.0 
0.6 
0.0 
0.0 
0.0 
25.4 
24.1 
25.0 
24.6 
24.9 
0.0 
0.0 
0.0 
0.0 
0.0 
STALK DROP 
LODGED EARS 
% % 
85.4 0.7 
66 .6  0 .0  
85.0 0.0 
8 6 . 0  0 . 0  
70.5 0.0 
86.1 0 .0  
85.3 0.0 
89.3 0.0 
48.1 0.7 
31.6 2.0 
39.4 0.0 
50.5 0.0 
89.1 0.0 
80.0  0 .0  
85.4 0.0 
73.3 0.0 
83.5 0.0 
89.8 0.0 
92.0 0.0 
67.0 0.0 
82.1 0 .0  
63.1 0.0 
64.8 0.0 
6 6 . 0  0 . 0  
84.4 0.0 
85.0 0.7 
67.5 0.0 
84.0 0.0 
90.8 0.0 
47.6 0.0 
48.0 0.7 
84.1 0.0 
57.7 0.0 
62.8 0.0 
71.0 0.0 
PEDIGREE 
BSSS(R)C6XBSCB1(R)C6 
BS13COXBSC»1(R)C6 
BSSS(R)C10KBSCB1(R)C10 
BS13(S)CI«XBSCB1(R)C10 
BSSSC0HM017 
BSSS(R)C6XM017 
BSSS{R)C10KM017 
BS13C0XM017 
BS13(S)CI»XM017 
BSSSjRjciO 
BS13(S)CI| 
BSSS(R)C9XBS13(S)C3SYN3 
B81XM017 
B73XH017 
FARMERS ENTRY 
EXPERIMENT MEAN 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
" '%" "% " % 
25.U 0.0 51.5 0.0 
23.6 0.0 77.2 0.0 
2M.ll 0.0 311.7 0.0 
23.0 0.0 48.7 0.0 
214. t| 0.0 50.8 0.0 
25.7 0.0 32.5 0.0 
211.2 2.0 6.6 0.0 
211.2 13.9 9.0 0.0 
24.0 0.0 47.3 0.0 
21».1» 0.0 57.4 0.0 
24.5 0.0 77.8 0.0 
21».3 0.0 66.6 0.0 
23.5 8.3 47.1 0.0 
2I|.0 1.l| 21.4 0.0 
22.2 0.0 20.3 0.0 
25.0 0.8 63.8 0.1 
EXPERIMENT 85091 
PEDIGREE 
BSSSCO 
BSSS(HT»C2 
BS8S(HT)Cl4 
BSSS(HT)C6 
BS13C0 
BS13(S)C2 
BS13(S)C(4 
BSSS(RjC2 
BSSS(R)CI| 
BSSS(R)C6 
BSSS(R)C8 
BSSS(RjciO 
BSSSCO SELF 
BSSS(HT)C2 SELF 
BSSS(HT)CI» SELF 
BSSS(HT)C6 SELF 
BS13C0 SELF 
BS13(S)C2 SELF 
BS13SC(« SELF 
BSSS(R)C2 SELF 
BSSS(R)C4 SELF 
BSSS(R|C6 SELF 
BSSS(R)C8 SELF 
BSSSjR)C10 SELF 
BSSSCO 
BSSS(HT)CI4XBSSSC0 
BSI3C0XBSSSC0 
BS13(SICI|XBSSSC0 
BSSS(R)CI|XBSSSCO 
BSSS(R)C8XDSSSC0 
BSSS(R)C10XBSSSC0 
BSSS(R)C»»XBSSS(HT)Cl» 
BSSS(R)C6XBS13C0 
BSSS(R)C10XBS13(S)CI» 
BSSSC0XBSCB1C0 
PLANTS 
YIELD PER HA 
MG/HA XICOD 
3.71 56.6 
'4.76 57.'I 
3.96 58.6 
l | .60 l|6.2 
5.87 55.1» 
5.08 55.1» 
7.80 59.4 
5.19 59.0 
5.89 57.1» 
5.77 50.6 
5.37 59.0 
6.31 58.6 
3.08 47.8 
3.70 50.6 
3.26 53.1» 
3.24 53.8 
3.93 52.6 
4.52 49.0 
5.38 53.4 
2.94 56.6 
2.82 49.8 
3.53 48.2 
3.95 55.8 
3.66 55.8 
4.56 59.4 
4.56 58.6 
5.93 61.3 
6.63 50.2 
4.39 54.6 
6.31 56.6 
5.88 57.4 
4.97 58.2 
7.08 56.2 
8.37 55.8 
5.35 57.4 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
% • % % % 
28.9 12.7 16.5 0.0 
28.9 28.0 13.1 0.0 
28.7 16.3 19.9 0.7 
32.6 48.1 15.1 0.0 
30.9 37.1 10.9 0.7 
30.6 27.2 11.4 0.0 
28.0 31.0 6,7 0.0 
28.0 9.3 16.9 0.0 
25.2 16.6 12.4 0.0 
26.4 5.2 8.8 0.0 
29.1 13.5 7.4 0.0 
27.9 10.2 4.8 0.0 
29.1 9.4 10.7 0.0 
28.8 23.0 5.5 0.0 
32.2 9.2 6.8 0.0 
32.2 22.7 13.0 0.0 
30.2 43.3 7.1 0.0 
28.6 16.1 10.0 0.0 
29.0 24.9 6.2 0.0 
26.0 11.4 10.1 0.0 
26.9 13.9 10.4 0.0 
28.0 7.6 7.3 1.0 
29.4 14.5 5.1 0.0 
29.1 5.8 10.2 0,0 
28.6 7.4 13.4 0.0 
27.2 17.4 11.6 0.0 
29.3 21.5 7.1 1.9 
27.9 16.1 11.5 0.0 
28.9 14.9 7.2 0.0 
28.8 19.7 6.6 1.3 
28.0 16.8 8.4 0.7 
27.2 30.1 8.5 1.3 
28.9 13.2 3.7 0.0 
26.2 17.1 7.3 0.7 
22.3 4.2 16.7 1.3 
EXPERIMENT 85091 
PLANTS 
HG/HA X1000 
BSSS(R)C6X0SCB1(R)C6 7.36 56.6 
BS13C0XBSCB1(R)C6 7.70 5'l.2 
BSSS(R)C10XBSCB1(R)C10 7.00 58.6 
BS13|S)CI»XBSCB1(R)C10 8.07 57.8 
BSSSC0XM017 6.99 59.0 
BSSS(R)C6XM017 7.02 '19.8 
BSSSIR)C10XM017 9.12 59.7 
BSJ3C0XM017 7.98 61.3 
BS13(S)CL<XM017 9.29 59.1» 
BSSS(R)C10 6.42 57.0 
BS13(S)CI| 6.21 57.8 
BSSS(R)C9XBS13(S)C3SYN3 6.96 57.0 
B8IIXM017 9.62 54.6 
B73XH017 10.06 57.0 
FARMERS ENTRY 7.84 54.2 
EXPERIMENT MEAN 5.80 55.6 
ROOT STALK DROP 
HOIST LODGED LODGED EARS 
"'% % "% 
23.9 5.0 12.7 0.0 
27.2 26.3 8.1 0.0 
29.2 4.7 2.7 0.0 
24.6 6.8 2.8 0.0 
25.0 1.4 9.5 1.4 
26.7 1.7 4.5 2.4 
26.2 0.0 2.6 0.0 26.2 3.9 2.6 1.3 
24.9 7.4 8.0 0.0 
28.2 13.3 6.2 0.7 
27.8 23.3 11.2 0.0 
27.6 20.6 9.7 0.0 
25.7 9.7 2.8 2.1 
26.1 0.0 2.7 0.0 
31.2 3.4 9.5 0.6 
28.0 15.3 8.9 0.4 
EXPERIMENT 85092 
PEDIGREE 
BSSSCO 
BSSS(IIT)C2 
BSSSjllTici» 
BSSS(HT)C6 
BS13C0 
BS13(S)C2 
BS13|S)CI( 
BSSS(R)C2 
BSSS(R)C'4 
BSSS(R)C6 
BSSS(R)CB 
BSSS(R)C10 
BSSSCO SELF 
BSSS(tlT)C2 SELF 
BSSS(IIT)C«» SELF 
BSSS{HT)C6 SELF 
BS13C0 SELF 
BS13(S)C2 SELF 
BSUSCU SELF 
BSSS(R)C2 SELF 
BSSS(R)C4 SELF 
BSSS(R)C6 SELF 
BSSS{R)C8 SELF 
BSSS(R)C10 SELF 
BSSSCO 
BSSS(HT)Cl|XBSSSCO 
BS13C0XBSSSC0 
BS13(S)CI«XBSSSC0 
BSSS(R)CI4XBSSSC0 
BSSS(R)C8XBSSSC0 
BSSS(R)C10XBSSSC0 
BSSS(R)CljXBSSS(ltT)Cl4 
BSSS(R|C6XBS13CO 
BSSS(R)C10XBS13(S)CI» 
BSSSC0XBSCB1C0 
PLANTS 
YIELD PER HA 
MG/HA X1000 
3.70 60.9 
3.79 5'l.6 
4.80 59.7 
5.08 60.5 
5.'»3 57.0 
'•.31 53.0 
U.50 57.0 
'•.22 60.5 
N.33 60.1 
5.02 60.1 
5.22 59.0 
5.55 60.1 
1.93 54.2 
2.83 53.0 
3.11 55.0 
3.'•I 53.4 
3.44 52.2 
3.64 60.1 
3.20 57.4 
2.58 59.0 
2.72 58.2 
3.18 56.6 
2.82 54.6 
3.32 57.8 
4.92 59.7 
4.49 59.0 
5.49 59.7 
5.43 58.2 
4.57 60.1 
5.47 58.2 
5.73 60.9 
5.63 58.6 
5.73 60.1 
6.92 61.3 
5.27 60.1 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
21.2 2.6 30.1 0.7 
22.0 3.6 25.6 1.5 
21.1 1.9 29.2 1.3 
21.2 8.6 15.8 0.0 
20.3 4.2 19.6 0.0 
21.1 0.8 46.6 0.8 
18.9 0.8 20.0 0.0 
19.2 4.7 23.2 0.7 
19.9 3.3 12.6 0.0 
24.3 5.4 22.5 1.1» 
21.7 5.8 11.4 0.0 
21.8 1.4 16.6 1.4 
20.9 4.4 23.8 3.8 
21.4 9.8 26.3 1.5 
21.1 1.3 16.7 0.0 
22.0 5.3 22.3 0.8 
22.3 10.5 16.1 1.6 
21.3 3.3 15.4 0.0 
16.7 6.9 31.0 0.7 
19.5 5.8 19.6 0.6 
18.5 5.4 20.6 2.7 
23.1 4.3 18.4 1.4 
20.7 4.4 18.0 0.0 
21.3 3.5 17.3 0.0 
20.2 0.7 29.0 0.0 
21.3 8.4 29.5 0.8 
20.0 3.3 21.3 0.7 
20.7 2.0 27.5 0.0 
19.8 8.0 20.0 1.3 
21.6 8.3 30.7 0.0 
21.2 3.2 14.1 2.6 
21.2 0.7 20.4 1.3 
22.1 9.9 16.6 0.6 
20.4 0.7 18.8 0.7 
20.0 7.3 33.1 0.7 
PEDIGREE 
DSSS(R)C6XDSCB1(R)C6 
BS13COXBSCB1(R)C6 
BSSS(R)C10KBSCB1(R)C10 
BS13(S|C(|XDSCB1(R)C10 
BSSSCOKMOIV 
BSSS(R)C6XM017 
BSSS(R)C10KM017 
BS13C0XM017 
BS13(S)CUXM017 
BSSS(R)C10 
BS13(S)CI| 
BSSS(R)C9XBSt3(S)C3SYN3 
B8IIXM017 
B73XM017 
FARMERS ENTRY 
EXPERIMENT MEAN 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
'%' %" "% 
20.5 13.2 22.3 2.0 
18.7 l4.2 28.1 0.0 
19.5 2.0 15.9 0.0 
20.8 0.6 23.1 0.6 
22.2 1.3 16.3 2,0 
23.2 8.0 17.3 0.7 
22.9 0.0 7.1 2.0 
20.9 0.0 23.3 1.3 
19.9 1.9 28.7 0.0 
21.7 3.9 21.6 0.0 
20.5 '».0 28.2 1.3 
20.6 H.B 26.8 0.7 
19.8 0.0 13.8 0.0 
20.7 1.9 a.»» 0.0 
20.14 2.6 29.3 1.4 
20.9 l».2 21.8 0.8 
EXPERIMENT 85093 
PEDIGREE 
DSSSCO 
BSSS|HT)C2 
BSSS(HT)CL4 
BSSS(HT)C6 
BS13C0 
BS13{S)C2 
BS13|S)C<i 
BSSS(R)C2 
BSSS(R)C4 
BSSSjR)C6 
BSSS(R)C8 
BSSS(R)C10 
BSSSCO SELF 
BSSSMIT)C2 SELF 
BSSS(HT)CU SELF 
BSSS(HT)C6 SELF 
BS13C0 SELF 
BS13(S)C2 SELF 
BS13SCII SELF 
BSSS(R)C2 SELF 
BSSS(R)CH SELF 
BSSSiR)C6 SELF 
BSSS(R)C8 SELF 
BSSS(R)C10 SELF 
BSSSCO 
BSSS(HT)CltXOSSSCO 
BS13C0XBSSSC0 
BS13(S)CI|XBSSSC0 
BSSS(R)CI|XBSSSC0 
BSSS(R)C8XBSSSC0 
BSSS(R)C10XBSSSC0 
BBSS R)CI»XOSSSJHT)CI» 
BSSS(R)C6XBS13C0 
BSSS(R)C10XBS13(S)CLT 
BSSSC0XBSCB1C0 
PLANTS 
YIELD PER HA 
MG/HA X1000 
L».97 60.5 
5.12 57.0 
'1.93 60.5 
6.51 59.7 
6.78 59.0 
7.26 57.8 
6.87 62.9 
5.614 61.7 
5.90 62.1 
6.33 57.1» 
.5.50 59.0 
6.60 59.7 
3.03 61.7 
2.80 59.0 
3.67 59.0 
3.15 57.0 
3.92 59.0 
4.92 59.0 
5.56 60.9 
3.56 52.6 
3.29 59.% 
3.91 59.7 
3.35 57.1» 
3.91 60.1 
5.31 60.1 
5.87 61.3 
6.23 62.1 
7.10 61.3 
6.07 60.5 
6.62 59.0 
7.21» 59.7 
6.23 59.7 
8.09 59.0 
8.92 61.7 
5.72 60.5 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
%" '% 
211.9 13.9 17.5 0.6 
23.1 23.9 19.1 0.7 23.6 19.8 19.7 0.0 
23.5 33.1» 11.1» 0.7 25.1 29.0 7.4 0.0 
23.2 9.6 16.7 0.0 21». 2 21.6 10.1 0.0 
21.8 22.6 12.9 1.9 21.7 17.3 10.9 0.6 
25.1 15.3 7.5 0.0 
21». 7 21».0 2.7 2.0 
25.1 20.8 3.3 0.7 
26.1 12.9 11.7 0.6 
23.5 11.5 10.8 0.6 
22.6 13.5 11.5 0.7 
2L»,5 17.6 3.4 0.0 
25.5 19.8 4.0 0.0 21». 0 15.5 11.0 1.4 23./» 18.5 13.7 0.0 23.3 10.3 6.8 0.0 
22.6 L*.7 10.2 0.7 21».7 7.9 4.7 0.0 23.2 7.6 2.1 0.0 
24.1 10.1 3.3 0.0 
23.9 10.8 13.3 0.6 
2'». 2 16.9 11.7 0.0 
25.9 28,2 8.3 0.0 
23.0 19.4 10.5 0.7 
22.9 19.7 12.7 0.0 25.1 22.3 10.8 0.0 
21». 1 15.2 8.6 0.6 
23.9 30.3 12.2 0.0 
26.1 23.0 7.5 0.0 
23.7 22.6 5.2 0.0 
21.8 11».1» 15.9 1.4 
EXPERIMENT 85093 
PEDIGREE 
BSSS(R)C6XGSC0t(R)C6 
BS13COXBSCB1(R)C6 
BSSS(R)C10XBSCB1(R)C10 
BS13(S)CI«XBSCB1(R)C10 
BSSSCOXM017 
BSSS(R)C6XM017 
BSSS(R)C10XM017 
BS13C0XM017 
BS13(sjCl4XM017 
BSSS(R)C10 
BS13(S)CI» 
BSSSi R)C9XBS13(S)C3SYN3 
B6«tXM017 
B73XM017 
FARMERS ENTRY 
PLANTS 
YIELD PER HA 
MG/IIA X1000 
6.25 60.9 
7.65 57.0 
8.59 60.5 
8.1(8 61.3 
7.39 57.8 
8.50 61.3 
8.97 61.3 
B.Sll 59.7 
9.52 60.9 
6.31 60.9 
6.32 60.9 
6.66 62.1 
9.75 59.0 
9.21 58.6 
9.03 58.6 
EXPERIMENT MEAN 6.27 59.8 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
..... 
% "T" "% 
23.2 7.9 5.9 2.0 
211.9 11».7 10.5 0.0 
23.0 15.2 7.2 0.0 
21.2 19.1» l».0 0.0 
22.8 8.5 9.5 1.5 
23.1» 3.2 5.2 2.0 
23.6 6.5 3.2 2.6 
22.2 8.6 3.4 1.3 
22.a 13.2 7.8 0.0 
21.0 20.1 11.3 1.3 
23.7 26.9 14.1» 0.7 
21».5 11.5 15.1» 0.0 
22.1» l».8 6.7 0.0 
22.6 1.1» 2.1 2.1 
26.1» 9.0 l».0 0.0 
23.8 16.1 9.2 0.6 
EXPERIMENT 85091 
PEDIGREE 
BSSSCO 
BSSS(HT)C2 
BSSS(HT)CI| 
BSSS(IIT)C6 
BS13C0 
BS13(S)C2 
BS13(S)CI4 
BSSS(R)G2 
BSSSFRTCL 
BSSSJR)C6 
BSSS(R)C0 
BSSS(R)G10 
BSSSCO SELF 
BSSS(IIT)C2 SELF 
BSSS(HT)CI| SELF 
BSSS(HT)C6 SELF 
BS13C0 SELF 
BS13(S)C2 SELF 
BS13SCI» SELF 
BSSS(R)G2 SELF 
BSSS(R)CI| SELF 
BSSSI R C6 SELF 
BSSSI R)C8 SELF 
BSSS(R)C10 SELF 
BSSSCO 
BSSS(HT)C(«XOSSSCO 
BS13C0XBSSSC0 
BS13(S)CLTXBSSSC0 
BBSS RJCMXBSSSCO 
BSSS(R)C8XBSSSC0 
BSSSIR C10XBSSSC0 
BSSSI R)CI<XBSSS(IIT)CI| 
BSSSI R C6XBS13CO 
BBSS R)C10XBS13(S)CI« 
BSSSC0XBSCB1C0 
PLANTS 
YIELD PER HA 
MG/HA X1000 
3.21 59.7 
3.29 60.5 
'1.66 60.1 
'1.21 56.2 
4.29 61.7 
3.82 56.6 
3.19 5IJ.2 
3.22 58.2 
3.30 61.7 
'*.75 60.5 
3.85 58.2 
1.52 • 53.8 
2.00 57.0 
1.99 19.0 
2.26 59.1 
2.71 57.0 
3.06 57.0 
2.80 56.6 
3.25 57.0 
1.92 57.0 
2.16 53.0 
2.15 57.1 
2 .11  62 .1  
2.52 59.1 
2.39 59.7 
3.05 61.3 
1.57 56.6 
1.63 60.'1 
3.66 60.5 
1.28 60.5 
3.97 59.7 
1.19 56.2 
1.95 60.9 
5.39 57.0 
1.28 61.3 
ROOT 
MOIST LODGED 
% % 
29.7 0.6 
30.9 11.8 
29.6 8.2 
30.9 10.7 
29.7 13.9 
28.3 1.3 
29.7 0.0 
27.0 2.7 
28.2 1.3 
30.5 1.3 
26.6 1.1 
28.9 0.0 
30.6 0.7 
33.1 0.0 
30.5 1.3 
31.3 6.2 
29.8 16.6 
30.5 2.1 
28.0 1.1 
28.0 2.1 
26.1 2.6 
29.5 2.9 
31.8 1.3 
31.0 3.3 
30.6 5.9 
31.8 10.6 
29.3 6.3 
30.8 1.1 
27.3 1.0 31.0 7.3 
31. 1 6.0 
28.7 1.3 
28. 7 6.8 
27.2 2.3 
26.3 0.0 
STALK DROP 
LODGED EARS 
% % 
15.6 0.0 
31.9 0.0 
16.8  0 .0  
31.2 0.7 
18.8 2.0 
39.1 0.0 
10.5 0.0 
66 .0  0 .0  
35.5 0.0 
30.2 0.0 
30.1 0.6 
35.2 0.0 
29.2 0.0 
36.1 0.0 
27.6 0.7 
21.7 0.0 
17.5 2.0 
38.1 0.0 
29.7 1.1 
33.6 0.7 
21.0 0.0 
29.1 0.7 
22.5 0.0 
32.3 0.0 
33.7 1.1 
30.3 0.0 
29.5 0.0 
28.9 0.0 
32.1 0.6 
35.9 0.0 
19.1 0.0 
32.1 0.8 
12.2 0.0 
32.6 0.0 
11.6 0.0 
EXPERIMENT 85091 
PLANTS 
PEDIGREE YIELD PER HA 
MO/IIA X1000 
BSSS(R)C6XBSCB1(R)C6 1.11 60.1 
BS13C0XBSCB1(R)C6 6.16 56,2 
BSSS(R)C10XBSCD1(R)C10 5.93 60.9 
BS13(S)C1XDSCB1(R)C10 5.70 59.0 
BSSSC0XM017 5.96 57.8 
BSSS(R)C6XM017 6.22 56.2 
BSSS(Rjci0XM017 7.77 58.6 
BS13C0XH017 6.69 62.5 
BS13(S)C1XM017 6.11 60.9 
DSSS(R|CIO 3.30 60.5 
BS13(S)C1 5.27 57.1 
BSSS(R)C9XBS13(S)C3SYN3 1.72 61.7 
B81XH017 8.63 60.1 
B73XM017 7.11 61.3 
FARMERS ENTRY 5.20 59.1 
EXPERIMENT MEAN 1.23 58.6 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
"T "% 
28.2 0.0 35.3 0.0 
25.2 0.7 22,1 0.0 
21.8 2.5 30,1 0.7 
21.8 0.0 12,9 0.0 
27.1 1.1 25.8 0.0 
26.5 0.0 37.1 1.3 
29.1 0.0 21.6 0.0 
27.5 1.9 9,6 0.0 
27.8 0.0 11.9 0.6 
30.5 0.0 25.2 0.0 
28.0 3.3 19.7 0.0 
27.6 1.5 37.9 0.0 
28,5 1.1 15.9 0.0 
30.2 0.0 12.1 0.0 
30.3 0.0 11.7 0.0 
29.0 3.3 32.1 0.3 
EXPERIMENT «5095 
PEDIGREE 
BSSSCO 
BSSS(HT)C2 
BSSS(IIT)CI* 
BSSS(HT)C6 
BS13C0 
BS13|S)C2 
Bstalsjci» 
BSSS(R)C2 
BSSS(R)CI| 
BSSS(Ric6 
BSSS(R)GB 
BSSS|R)CIO 
BSSSCO SELF 
BSSS(HrjC2 SELF 
BSSS(HT)CU SELF 
BSSS{HT)C6 SELF 
BS13C0 SELF 
BS13|S)C2 SELF 
BS13SCI* SELF 
BSSS(R)C2 SELF 
BSSS(R)CL4 SELF 
BSSS(RiC6 SELF 
BSSS|R)C8 SELF 
BSSS(R)C10 SELF 
BSSSCO 
BSSS(HT)Ct|XBSSSCO 
BS13C0XBSSSC0 
BS13(S)CI(XBSSSC0 
BSSS(R)C(|XBSSSC0 
BSSS(R)C8XBSSSC0 
BSSS(R)C10XBSSSC0 
BSSS(R)CI|XBSSS(HT)C(« 
BSSS(R)C6XBS13CO 
BSSS(R)C10XBS13(S)C»4 
BSSSC0XBSCB1C0 
YIELD 
PLANTS 
PER HA 
MG/IIA XI000 
6.31» 
5.98 
6.27 
6.92 
7.01 
57.1» 
58.2 
57.1» 
51».2 
58.2 
7.97 
6.95 
6.76 
6.65 
7.61» 
59.'» 
59.7 
56.6 
56.6 
58.6 
7.33 
7.67 
3.95 
3.62 
L».12 
58.6 
59.1» 
511,6 
51.1» 
51.0 
3.65 
L».L»1 
5.95 
6.31 
3.77 
53.8 
58.2 
55.0 
50.6 
57.1» 
L».30 
4.52 
'1.73 
5.51 
5.63 
52.6 
5t.Z 
55.1» 
57.8 
53.8 
6.83 
6.57 
7.69 
7.13 
7.99 
57.8 
59.1» 
56.6 
57.0 
59.1» 
7.L»9 
7.12 
9.62 
10.26 
7.98 
57.8 
57.0 
61.3 
60.1 
59.'» 
ROOT 
MOIST LODGED 
% % 
26.8 29.2 
26.9 32,1 
27.2 25.0 
27.8 («1.1 
29.9 50.0 
26.0 3II.9 
26.0 22.7 
25.3 21.6 
26.5 32.3 
28.1 17.8 
26.3 32.0 
25.9 12.7 
27.5 16.1 
27.9 13.7 
28.5 18.2 
28.3 56.8 
28,7 22.9 
26.7 20,2 
26.8 31.8 
25.3 9.6 
26.9 20.6 
29.5 18.'» 
27.9 15.6 
28.3 8.2 
27.8 16,1 
27.7 18,1 
28.8 28,8 
27.0 28,1» 
27.1 35,5 
27.0 30.2 
26.6 30.1» 
26.9 51».5 
27.5 39.2 
27.9 L»1.7 
21».8 II».2 
STALK DROP 
LODGED EARS 
% % 
22,9 0,0 
22.1» 0.8 
33.3 0.0 
21.1» 0.0 
15.7 0.0 
32.0 0.0 
30.0 1.3 
27.9 0.7 
17.0 0.7 
18.5 0.7 
1'L.3 0.7 
U.I 0.0 
15.3 0.0 
16.2 0.0 
II».  8  0.0 
13.3 0.0 
11.7 0.7 
26.1 0,0 
37.3 0.9 
21.6 0,7 
17.7 0.0 
9.6 0.0 
9.9 0.0 
7.6 0.0 
28.8 0,0 
21,5 0.7 
18,2 2,0 
31»,3 1,1» 
II»,0 0,0 
15.7 0.7 
11».I» 0.7 
32.3 0.0 
1(*.5 0.0 
8.1» 0.7 
32.9 0.6 
EXPERIMENT 65095 
PEDIGREE 
BSSS(R)C6XDSCB1(R)C6 
BS13COXBSCB1(R)C6 
BSSS(R)C10XBSCB1(R)C10 
BS13(S)CI»XBSCB1(R)C10 
BSSSC0XM017 
BSSS(R)C6XM017 . 
BSSS(R)C10XM017 
BS13C0XM017 
BS13(S)CI|XM017 
BSSS(RjC10 
BS13(S)CI» 
BSSS(R)C9XBS13(S)C3SYN3 
B6IJXM017 
B73XH017 
FARMERS ENTRY 
PLANTS 
YIELD PER HA 
MG/HA XI000 
8.83 59.7 
8.65 60.5 
11.03 59.1* 
11.83 60.5 
10.21 58.2 
11.85 58.6 
11.75 59.<1 
10.85 60.5 
11.57 59.'I 
7.69 56.6 
8.35 62.9 
9.02 59.7 
12.05 59.7 
12.16 5I1.2 
11.20 58.2 
EXPERIMENT MEAN 7.60 57.5 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
..... ...... 
"T 
26.7 30.5 20.9 0 .0  
25.1 53.9 20.5 0 .0  
25.7 10.7 3.3 0 .0  
23.3 22.0 7.0 0 .0  
21». 8 11.0 21*. 8 1.3 
25.0 2.1 18.2 0.0 
26.8 5.9 18.1 1.3 
21». 1 8.7 26.3 0.7 
2'». 2 8.7 28.2 0.7 
27.9 20.2 10.8 0.0 
27.5 25.3 20.1* 0.0 
26.8 18.3 16.0 0.7 
21». 8 11*. 8 14.2 0.0 
25.0 8.1 15.9 0.7 
23.0 l*.0 (*.7 1.3 
26.7 23.7 18.9 0.1* 
EXPERIMENT OVERALL 
PEDIGREE 
BSSSCO 
DSSS(HT)C2 
BSSS(IIT)C4 
BSSS(IIT)C6 
BS13C0 
BS13(S)C2 
BS13(S C(| 
BSSS(R)G2 
BSSS(Ric<4 
BSSS(R)C6 
BSSS(R)Ce 
BSSS(R)C10 
BSSSCO SELF 
BSSS(IIT»C2 SELF 
BSSS(HT)CI» SELF 
BSSS(HT)C6 SELF 
BS13C0 SELF 
DS13(S)C2 SELF 
BS13SC4 SELF 
BSSS(R)G2 SELF 
BSSS(R)Gtt SELF 
BSSS(R)C6 SELF 
BSSS(R)G8 SELF 
BSSS{R)G10 SELF 
BSSSCO 
BSSS(IIT)GI|KBSSSCO 
BS13C0XBSSSC0 
BS13(S)CI|XBSSSG0 
BSSS|R)Ct«KBSSSCO 
BSSS(R)C8XBSSSC0 
BSSS(R)C10XBSSSC0 
BSSSj R )CI|XBSSS( HT )Clt 
BSSS(R)C6XBS13C0 
BSSS|R)C10XBS13(S)CI4 
BSSSC0XBSCB1C0 
PLANTS 
YIELD PER HA 
MO/HA X1000 
3.85 59.3 
4.31 58.9 
4.64 59.t 
4.98 57.9 
5.27 59.0 
5.22 57.8 
5.32 59.4 
4.51 59.9 
4.56 60.3 
5.27 58.6 
5.09 59.6 
5.31 59.5 
2.51 56.3 
2.65 55.4 
2.91 56.0 
3.23 56.5 
3.37 57.3 
3.91 57.4 
4.10 57,2 
2.69 57.5 
2.76 56.6 
3.03 55.6 
3.06 57.4 
3.66 59.2 
4.13 59.3 
4.51 59.4 
5.39 60.7 
5.75 50,3 
4.80 59.6 
5.54 59.5 
5.64 59.6 
5.32 59.1 
6.49 60.1 
7.32 59.1 
5.13 60.1 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
""T % "T" "% 
27.6 15.7 31.0 0.3 
27.6 20.6 27.2 0.4 
27. t 17.9 33.1 0.4 
28.3 30.9 25.6 0.2 
28.6 28.8 18.7 0.5 
26.8 14.4 32.7 0.3 
25.9 15.7 30.0 0.2 
25.2 17.6 33.3 0.4 
24.7 17.9 22.4 0.7 
27.0 16.0 20.3 0.6 
25.8 19.7 16.4 0.4 
26.5 16.0 16.6 0.2 
27.8 16.0 24.6 0.6 
27.8 15.5 24.7 0.4 
28.7 18.4 22.6 0.4 
29.0 24.2 19.2 0.3 
28.7 26.6 19.1 0.6 
27.3 15.1 26.7 0.3 
26.5 19.4 29.0 0.5 
25.6 15.2 24.7 0.5 
24.7 16.4 25.4 0.4 
27.8 14.4 20.2 0.4 
27.1 16.9 17.2 0.2 
27.5 12.9 19.4 0.1 
27.4 17.9 30.3 0.5 
27.3 20.4 27.8 0.5 
27.5 23.2 22.3 0.7 
26.7 18.5 30.0 0.3 
25.5 20.4 27.1 0.4 
26.9 20.8 23.1 0.3 
26.4 18.3 21.9 0.6 
25.7 23.1 27.7 0.4 
27.3 21.2 22.2 0.3 
26.2 19.6 21.0 0.2 
23.7 16.8 32.9 0.5 
EXPERIMENT OVERALL 
PEDIGREE 
BSSS(R)C6XBSCD1(R)C6 
BS13C0XBSCB1(R)C6 
BSSS(R)C10XBSCB1(R)C10 
BS13(S)CI|XBSCB1(R)G10 
BSSSC0XM017 
BSSS(R)C6XM017 
BSSS(R)C10XM017 
BS13C0XM017 
BS13( S»C»|XM017 
DSSS(R)G10 
BS13(S)Clt 
BSSS(R)G9XBS13(S)G3SYN3 
B81XM017 
B73XM017 
FARMERS ENTRY 
YIELD 
PLANTS 
PER HA 
MG/IIA X1000 
6.38 
6.89 
7.30 
7.'15 
6.75 
7.57 
8.(18 
7.69 
7.95 
5.22 
5.33 
5.79 
9.'16 
8.55 
7.05 
59.14 
58.3 
60.5 
6 0 . 2  
58.1 
57.9 
60.'I 
61 .2  
60. i| 
59.5 
60.0  
60.0 
59.6 
59.3 
59.3 
MOIST 
25.3 
25.3 
211.5 
23.7 
25.0 
26.1 
26.3 
25.2 
2'l.8 
26.3 
26.2 
26.H 
25.0 
25.5 
27.1 
EXPERIMENT MEAN 5.28 58.8 26.5 
ROOT STALK DROP 
LODGED LODGED EARS 
% % % 
16.6 23.1 0.5 
21.1» 26.5 0.2 
13.7 17.6 0.3 
16.7 21.5 0.3 
11.5 23.8 1.1 
7.1 19.8 1.2 
9.2 11.9 1.1 
1'1.7 15.7 0.9 
11.7 23.7 0.5 
16.5 20.7 0.3 
19.6 26.3 0.3 
16.9 2I|.7 0.1 
II».7 16.8 0.7 
12.3 15.3 0.9 
12.1* 20.1 0.5 
17.5 23.5 0.5 
